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GEOLOGY AND GROUND-WATER RESOURCES OF
SOUTH-CENTRAL NEBRASKA

WITH SPECIAL REFERENCE TO THE PLATTE RIVER VALLEY
BETWEEN CHAPMAN AND GOTHENBURG

By A. L. Luex and L. K. WeNzEL

ABSTRACT

The investigation here reported, which covered a period of about 5 years, 1929
to 1933, was made for the purpose of determining the available supply of ground
water in south-central Nebraska, the origin and discharge of the ground water,
and the relation of the geologic and ground-water conditions in the Platte River
Valley to the conditions occurring under the plains to the south.

The area was found to be underlain by permeable Pleistocene and Tertiary sand
and gravel, much of which is saturated and yields relatively large quantities of
water to wells. Except in a few isolated places the ground-water supply is abun-
dant. The Pleistocene and Tertiary formations were found in many places to
be continuous across the area, but they thin out and disappear near the southern
and southeastern boundary of the area. A part of the ground water occurring in
south-central Nebraska percolates into the area from the sand-hill region of
north-central Nebraska through the permeable water-bearing formations. Ground
water is also derived from precipitation on the area and from seepage from streams
-entering the area from the west and northwest. Some of the ground water of the
area is discharged into streams, especially in the southern and eastern parts of
the area, and some ground water is used by plants, chiefly in the valleys of the
streams. Almost all the public, domestic, industrial, and stock water supplies of
the area are derived from wells, and in the Platte River Valley about 800 wells are
used for irrigation. There are also irrigation wells in the valleys of other streams,
and a few irrigation wells have been drilled on the plains.

The investigation leads to the conclusion that for most parts of the area the
ground-water supply is ample to furnish the present needs. Evidence indicates
that further development of irrigation with water pumped from wells can be
made in the Platte Valley and in some of the valleys of the smaller streams. Ad-
ditional irrigation wells can be drilled on the plains to the south, but because the
ground-water supply in that area is limited chiefly to percolation from the Platte
Valley, the development of large irrigation projects depending on wells is not

feasible.
INTRODUCTION

By A. L. Luex and L. K. WENzEL
PURPOSE AND NEED OF THE INVESTIGATION

This report embodies the results of several years of investigation of
the water resources of an area of about 10,000 square miles in south-
central Nebraska, with special reference to the part of the Platte

1



2 GEOLOGY AND GROUND WATER, SOUTH-CENTRAL NEBRASKA

River Valley between Chapman and Gothenburg, comprising about
1,300 square miles. (See fig. 1.)

The almost universal use of ground water for domestic, municipal,
and industrial supplies in the area and the increasing development of
irrigation with water pumped from wells in the part of the Platte River
Valley under consideration made it imperative that a better under-
standing of the geology and hydrology of the valley and adjoining
areas, as they affect replenishment, loss, and storage of ground water,
should be obtained without further delay. Moreover, there is a
possibility that irrigation with water pumped from deep wells on the
upland plains of south-central Nebraska may become feasible in the
future, and for this reason a detailed knowledge of the water-bearing
sand and gravel deposits under these plains is needed.

More nearly complete utilization of the surface waters of the
State, including both normal flow and flood discharge, has been under
way for many years under the administration of the State Bureau of
Irrigation, Water Power, and Drainage. Expansion of this work and
even fuller utilization of all surface water is now in prospect. It has
therefore become increasingly necessary to understand the relations
between the surface waters and the ground waters in the Platte River
Valley and adjoining areas.

The effect of present and proposed diversions of surface water
above North Platte on the ground-water replenishment in the valley
below North Platte has become a problem of great practical signifi-
cance. If further diversions are to be made—especially to areas from
which a return underflow to the Platte River Valley cannot be
expected—it is necessary to determine the effects that such diversions
will have on the ground-water supply and the need for allowing
surface water to flow past North Platte, in the natural channel of the
river, in order to maintain the natural ground-water level in the
valley. This problem is complicated by the percolation of water
from the Platte River Valley through strata of sand and gravel that
underlie the upland plains into the drainage systems of the Repub-
lican, Big Blue, and Little Blue Rivers. It is hoped that the data
presented in this report will aid in the solution of these important
problems relating to the water resources of the State.

HISTORY OF THE INVESTIGATION

The investigation on which this report is based was begun by the
Nebraska State Geological Survey, G. E. Condra, State geologist, in
1929, and A. L. Lugn was assigned to the project. During the field
season of that year attention was devoted mainly to the Platte River
Valley and the northern part of the upland plain to the south.
Geologic sections were measured, water-level altitudes determined,
and well logs tabulated. Field work was continued along the same
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4 GEOLOGY AND GROUND WATER, SOUTH-CENTRAL NEBRASKA

lines during the early part of the field season of 1930, when attention
was focused on the southern part of the area shown in figure 1.

Since July 1930 the investigation has been conducted as a coopera-
tive project between the conservation and survey division, University
of Nebraska, and the Federal Geological Survey, under the direction
of Mr. Condra and O. E. Meinzer, geologist in charge of the division
of ground water in the Federal Survey. Mr. Lugn continued the
study of the geology and general hydrology of the area, and L. K.
Wenzel, of the Federal Survey, was assigned to study especially the
hydrologic problems of the valley.

A small hydraulic rotary rig was used in 1931, 1932, and 1933 as
an aid in making a detailed study of the part of the Platte Valley
under investigation. Lines of test holes were drilled across the valley
to determine the character and thickness of the water-bearing mate-
rials. Several of the lines of test holes were extended southward on
the upland plains, and several holes were drilled in the drainage basin
of Elm Creek, a tributary of the Republican River, to ascertain the
thickness of the gravel there. This work was carried on under the
supervision of Mr. Lugn, and the drilling was done by Keith Miller,
Harry P. Burleigh, Howard Haworth, and Edwin Selk.

Observation wells were selected throughout the Platte Valley
between Chapman and Gothenburg, and periodic measurements were
made on the water levels in them during the course of the investiga-
tion. An inventory of existing irrigation wells in the valley was taken,
and the altitudes of the water levels in many of the wells were deter-
mined by instrumental levels. This work was done by Herbert A.
Waite and Howard Haworth under the direction of Mr. Wenzel.

Several pumping tests were made in the valley to determine the
permeability of the water-bearing materials. The State and Federal
personnel was aided on this work by the agricultural engineering
department of the University of Nebraska, which supplied a party of
about eight men for the tests near Grand Island.

In the fall of 1933, Messrs. Wenzel and Waite made measurements
of the spring and seepage water being discharged in the tributaries of
the Republican, Big Blue, and Little Blue Rivers in an attempt to
determine the amount of seepage loss from the Platte River Valley.
Many of these streams were again measured in 1934 by the State
Bureau of Irrigation, Water Power, and Drainage.

During the course of the investigation the area was visited by
R. M. Leggette and A. G. Fiedler, of the division of ground water of
the Federal Geological Survey. W. C. Alden, geologist in charge of
the section of glacial geology of the Federal Geological Survey, spent
about a month in the field with members of the State Geological
Survey reviewing the geologic work. Mr. Meinzer visited the area
several times, and Mr. Condra made frequent trips to the area during
the course of the investigation.
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PREVIOUS GEOLOGIC AND HYDROLOGIC WORK

Very little literature is available on either the geology or the
hydrology of the area investigated. Early papers by Aughey® and
Darton 2 have been drawn on to some extent. A bulletin by Condra 2
contains information on the geology of the area. A later bulletin *
contains the records of some deep wells in the area. Other publications
of direct or indirect value that j;\a,ve been used in connection with this
work are noted at appropriate places in this report.

ACKNOWLEDGMENTS

Credit is due to the residentsLof the area for their interest and help-
ful cooperation in supplying geplogic and hydrologic information and
for permitting test drilling to b}p done on their farms, sometimes at an
inconvenience to themselves. ‘ Special acknowledgment should be
given to the fine cooperation of the well drillers of the State and of the
Nebraska Well Drillers Associ%tion Several deep wells were drilled
in the area as tests for oil and gas during the course of the investiga-
tion, and the operators kindly made their data available for inspection
and study. The Kelly Well (Co., of Grand Island, cooperated by
furnishing well logs and other data and loaning items of equipment
for the work done in connection with the permeability tests near
Grand Island. The county agricultural extension agents and many
municipal officials also provided helpful data. The Dempster Mill
Manufacturing Co., of Beatrice, furnished aid and advice concerning
the mechanical operation of the rig during the test drilling. The
writers are especially grateful to E. E. Brackett and Chauncy Smith,
of the agricultural engineering department of the University of
Nebraska, for aiding in the pumping tests near Grand Island, and to
Fred Meyer, Albert Anderson, and J. H. Teed for allowing the tests
to be made on their farms.

GEQOGRAPHY
LOCATION P.ND TOPOGRAPHY
GENERAL TOPOGRAPHY OF NEBRASKA

Nebraska has an area of about 76,808 square miles. About one-
half of the State is of the dissected-plain type, and the remainder is
made up of constructional plains as yet undissected by drainage. The
surface as a whole slopes southeastward. The altitude ranges from
840 feet in the southeast corner of Richardson County to 5,340 feet
in the western part of Banner County.

1 Aughey, Samuel, The physical geography and geology of Nebraska, Omaha, 1880.

? Darton, N. H., Underground waters of a portion of southeastern Nebraska: Geol. Survey Water-
Supply Paper 12, pp. 1-56, 1898.

3 Condra, G. E., The sand and gravel resources and industries of Nebraska: Nebraska Geol. Survey,
[1st ser.], vol. 8, pt. 1, 1908.

¢ Condra, G. E., Schramm, E. F., and Lugn, A. L., The deep wells of Nebraska: Nebraska Geol. Survey,
24 ser., Bull. 4, 1931.
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The major topographic areas into which the surface of Nebraska is
divided are shown in figure 2. About 42,000 square miles of the
surface is underlain by thick loess deposits. Of this area about 14,000
square miles still remains nearly flat upland plains. The largest
single area of little-dissected plain is the Nebraska Plain of the south-
central part of the State, part of which is included in the area covered
by this report. The eastern part of the State, which is underlain by
loess-covered deposits of two glacial till sheets, is maturely dissected,
and south of the Platte River the main streams have cut entirely
through the loess and drift deposits into the underlying bedrock.
This area is indicated in figure 2 east of the heavy dotted line. The
remainder of the areas covered by loess are made up of small remnant
loess plains, small maturely eroded loess-hill areas, and loess plains
deeply incised by canyons. Such canyon areas are to be seen in
parts of Lincoln, Dawson, Custer, Hayes, Frontier, Hitchcock, and
Gosper Counties.

The sand-hill region, in the north-central and central-western part
of the State (fig. 2), is the most clearly defined topographic subdivision
and occupies about 20,000 square miles, which includes some small
outlying areas of sand hills. The surface is a rolling plain of wind-
blown sand and sand dunes, which are now largely stationary, as prairie
grasses and some other kinds of vegetation have become firmly rooted
and prevent the dunes from migrating. The western margin of the
sand-hill region is clearly defined. Inmany places an abrupt eastward-
facing escarpment defines the margin of the high bedrock (Tertiary)
plains that rise to the west. The eastern margin of the sand hills is
not so clearly marked, inasmuch as there are tracts of low hills of
wind-blown sand east of the main sand-hill area, and these hills rest
on loess.

The small isolated areas of sand hills in the Platte Valley have
probably come into existence recently by wind action reworking the
upper part of the exposed sand and gravel of the Grand Island forma-
tion and by piling up fine sand carried into the Platte Valley by the
Loup River. A similar explanation is thought to account for the
sandy areas south of the Platte River at Kearney and some other
places.

The remainder of the State, a little over 15,000 square miles, is
made up of undissected high bedrock plains or tables, rough broken
areas, and valley plains and terraces.

TOPOGRAPHY AND DRAINAGE OF SOUTH-CENTRAL NEBRASKA

The area especially under consideration lies west of the till border,
between the Platte and Republican River Valleys. The glaciated
eastern part of the State is described to some extent in showing the
relations of the till sheets and associated deposits to the fluviatile
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8 GEOLOGY AND GROUND WATER, SOUTH-CENTRAL NEBRASKA

and fluvioglacial formations in the Platte River Valley and under
the upland plain between the Platte and the Republican.

The upland plain between the Platte and Republican Valleys is a
partly dissected loess plain, large areas of which are almost entirely
unmodified by surface drainage. The largest undissected areas are
in northeastern Gosper, Phelps, Kearney, Adams, southeastern Hall,
Hamilton, and Clay Counties. A small part of northeastern Harlan
County and a larger part of northwestern Franklin County are also
very little dissected. Large parts of the original plain still remain
in the counties east and northeast of the area treated in this report.
The plain has a fairly uniform slope to the east and southeast of 5
to 8 feet to the mile. The western part of the plain rises toward the
High Plains somewhat more steeply, in places as much as 20 feet
to the mile,

The only noticeable relief features on the upland plain are hum-
mocks of loess and marshy depressions, in some places several hundred
acres in extent. The depressions sometimes contain shallow water
throughout the summer, but most of them usually dry up during the
warm season.

The southern margin of the plain is rather intricately dissected by
many streams that drain into the Republican River, about 25 of
which are perennial. This strip of territory is from 10 to 15 miles
wide.

The Republican River flows along the southern border of the area
under discussion. Its altitude above sea level is about 2,150 feet
at Arapahoe, about 1,740 feet at Riverton, and about 1,535 feet at
Superior. It flows at altitudes that are about 300 feet lower than the
Platte River at points directly north. For example, the Platte
River at Cozad is about 2,480 feet above sea level, and the Repub-
lican River at Arapahoe, directly south of Cozad, is 2,150 feet—330
feet lower. South of Gibbon the Platte flows at about 2,060 feet
above sea level, and at Riverton the Republican River is about 1,740
feet above sea level. The altitude of the Platte River near Grand
Island is about 1,833 feet, and that of the Republican River at
Superior is about 1,535 feet.

The depth of the Republican River Valley ranges from 200 to 400
feet below the undissected remnants of the upland plain on its north
side. Throughout most of its course the river has cut its valley
entirely through the thick loess and gravel deposits, which underlie
the plain north of it, and is flowing on the relatively impervious
Cretaceous bedrocks. These several factors combine to enable the
Republican River to receive a perennial discharge of water from under
the plains to the north.

A fertile flood plain and one or two well-defined terraces border
the Republican River. The width of the flood plain and terrace
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areas in the valley is fairly uniform and exceeds 2 miles in only a few
places.

The main branch of the Big Blue River and several other feeding
tributaries, such as Beaver Creek and Lincoln Creek, head in the vicinity
of Hastings and in the eastern part of the area between Hastings and
Aurora. The Big Blue Valley, within this area, is for the most part
relatively wide and shallow, being incised only 50 to 100 feet below
the general plain level. The Little Blue River heads in the vicinity
of Minden and follows a rather irregular course eastward for about
50 miles across part of Kearney County, all of Adams County, and
part of Clay County and leaves the area near the Clay-Nuckolls
County line. The valley of the Little Blue is similar to that of the
Big Blue River. The Little Blue River is fed somewhat by underflow
from the Platte Valley from a point near Ayr southeastward. The
Big Blue River is similarly supplied by seeps and springs along its
course from a point a few miles east of the area covered by this report.

A part of the loess-covered area north of the Platte River Valley is
included in this report because it is closely related, both geologically
and hydrologically, to the Platte Valley and to the plain on the south.
It is made up of small remnants of the original loess plain, rounded
loess hills, and canyons. Its erosional topography is in middle
maturity, and the relief ranges from 100 to 200 feet. Drainage of
the area is effected in part by the Loup River and its tributaries and
in part by the Wood River and a few large creeks.

The Platte River flows from west to east across the area covered
by this report. The river has entrenched itself from 50 to 150 feet
below the plains, remnants of which are seen on both sides of the valley
as flat tops to the dissected uplands. The north and south limits
of the valley are usually well defined by an abrupt rise of 20 to 100
feet, and in some places this rise is rather precipitous. However, the
southern limit of the valley for a few miles west of Kearney and the
northern limit north of Grand Island are composed of sand hills of
hummocky appearance, and in these localities the valley edge is less
conspicuous.

The valley floor is nearly flat and contains the flood plains and
terraces of the Platte River. The flood plains occupy the topographi-
cally lowest parts of the valley close to the river and range in width
from a few hundred feet to 3 or 4 miles. These bottom lands are
crossed by old river channels of the Platte and contain many poorly
drained depressions. In places sand from the river bed has been
blown onto the flood plains and has formed small sand dunes a few
feet in height. The terraces lie farther back from the river and are
more extensive on the north side because the river in most places
flows close to the southern uplands. The transition from the flood
plains to the terraces is usually marked by a gradual slope, but the

121343—38—2
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slope from the terraces to the uplands is usually steep. In some
localities the terraces are distinct and there is an abrupt rise between
different levels, but in most places the terraces have been eroded and
the surface rises gently from the bottom lands to the valley limits.

POPULATION

The population of the area investigated is about 205,000 and is
largely rural, as only about 39 percent of the people live in towns of
1,000 or more. About 30 percent live in the portion of the Platte
River Valley which has been given detailed attention in this report.
This includes both rural and town population but does not include
any part of the valley below Chapman or above the west line of
Dawson County.

The largest cities in the area and their population in 1930 are
Grand Island, 18,041; Hastings, 15,490; and North Platte, 12,061.

TRANSPORTATION

Railroad facilities are good. Several main-line railroads cross the
area, and numerous minor branches serve other parts of it. The
main line of the Union Pacific Railroad follows the Platte River and
serves the valley, and branch lines of the Union Pacific extend into
the area north of the Platte River. The Chicago, Burlington &
Quincy Railroad serves almost all parts of the area except the Platte
River Valley itself. One branch extends northwest into the loess
hills from Central City, and the Alliance branch traverses the loess
hills northwest from Grand Island. Another line of the Burlington
traverses the Republican Valley, and the main line from Chicago and
Omaha to Denver extends through the middle of the Nebraska
Plain, passing through Hastings, Minden, and Holdrege. The Curtis
branch of the same railroad extends across northern Webster and
Franklin Counties and passes northwestward through Holdrege,
Bertrand, Elwood, Eustis, Farnam, Moorfield, and points west. A
branch of the Missouri Pacific Railroad extends into the area from
the southeast and connects Superior, Lawrence, Hastings, and Prosser.
The St. Joseph & Grand Island Railroad also extends into the area
from the southeast.

Several important national and State highways cross the area both
east and west and north and south. There are many secondary
highways maintained by the State, and most of the county roads are
good. Nearly all the State or national designated highways are
graveled or paved. The Lincoln Highway follows the Platte River
and more or less parallels the Union Pacific Railroad. It is now all
paved, and there are also many miles of paving on some of the other
highways. The country dirt roads are for the most part graded and
are usually good except in rainy weather.
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AGRICULTURE AND INDUSTRY

The main industry of the area is agriculture. The raising of grain,
especially wheat, and corn and to a somewhat less extent livestock
and general farming prevail. Irrigation is practiced chiefly in the
Platte River Valley, although a few deep wells have been used for
irrigation on the upland plain and in the valleys of some of the other
large streams.

The soils of the entire area are for the most part fertile and tillable.
Loess soils prevail over all other types. Both loess and sandy soils
occur in the Platte River Valley. United States Department of
Agriculture soil-survey reports have been published for most of the
counties in south-central Nebraska, and maps are procurable from
the Superintendent of Documents, Washington, D. C., or from the
conservation and survey division of the University of Nebraska,
Lincoln, Nebr.

The cities and towns of the area are the trade and business centers
for the surrounding farming districts. Livestock and grain are shipped
from hundreds of points. There is some manufacturing in the larger
towns, such as Grand Island and Hastings, and considerable milling
is done at a number of places.

CLIMATE

The mean annusal precipitation in the area ranges from about 20
inches at the west to about 26 or 27 inches at the east. The absolute
minimum annual precipitation so far on record is about 12 inches at
the west and about 15 inches at the east. The absolute maximum
annual recorded precipitation ranges from about 34 to 44 inches at
places in the western part of the area and from 38 to 48 inches at
places in the eastern part. The January mean precipitation ranges
from 0.40 to 0.60 inch for the whole area. The June mean precipita-
tion ranges from 3.20 inches in the west to 4.40 inches in the east.
The annual mean precipitation for several stations is given in the
table below.

The area receives most of its precipitation in the form of local
thunderstorms during the summer, about 65 percent of the rainfall
occurring in the growing season of May, June, July, August, and
September. In May and June the rainfall is usually well distributed,
in July the distribution is less favorable, and during August and
September long periods of drought are not infrequent. Little precip-
itation is received in months when the prevailing wind is from the
north or northwest, but most of the precipitation occurs in months
with prevailing south or southeast winds. The average annual snow-
fall in the area is about 30 inches.

The prevailing wind direction changes from north or northwest
in winter to south or southeast in summer.
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The average date of the last killing frost in the spring is about
May 1. The average growing season in the Platte Valley ranges from:
161 days at Grand Island to 148 days at Gothenburg. Killing frosts
occur about the first of October. Thunder and hailstorms accom-
panied by brisk winds are not infrequent. The mean annual wind
velocity is about 9 miles an hour. During storms winds of 30 to 50
miles an hour are likely to occur, and velocities as high as 80 miles
an hour have been recorded for short periods of time. The propor-
tion of clear and sunshiny days is relatively high.

The mean annual temperature of the area ranges from 49° at the
north to 52° in the Republican River Valley at the south. The
January mean temperature ranges from about 23° at the north to
about 26° at the south. The July mean temperature ranges from 73°
or 74° at the north to about 77° at the south. Much higher tempera-
tures normally occur in the area during the summer. Temperatures
of more than 100° are not uncommon, and the summers are usually
regarded as hot. The winters are usually rather cold, with extreme
temperatures of more than 30° below zero on record in some localities.
The mean annual temperature for several stations is given in the
following table:

Summary of climatic data for stations in south-central Nebraska
{From U. S. Weather Bureau]

Altitude Precipitation Temperature
above sea
level Length of Mean Length of Mean
(feet) record annual record annual
(years) (inches) (years) (CF)
Red Cloud.- . 1,687 42 23.99 38 52.1
(073117 -1 165 12 1,699 44 26.08 19 51. 0
8t. Paul - 1,796 40 25.30 39 50.6
Franklin_____. 1,820 43 23.49 43 51.6
Grand Island.. 1, 860 43 27.35 43 50. 4
Hastings__.. 1,932 43 25.71 41 50,2
Alma._._ 1,939 38 22. 58 37 51.7
Kearney..._. 2,146 60 24.97 40 50. 5
Minden.._.. 2,169 57 27.72 51 50.2
Holdrege.._. - 2,324 43 23.24 40 51.3
Lexington. .o eeeeemeeae 2,385 45 22.58 4 49.9
Gothenburg 2, 557 40 22.29 40 50.3
GEOLOGY
By A. L. Luan

Most of the ground water used in the area under investigation:
occurs in sand and gravel formations of Pleistocene age. Several
formations of the Tertiary system yield water at places in the State..
Of these, only the Ogallala formation occurs extensively in the area.
under investigation (fig. 3). The Brule clay and Chadron formation.
extend into the area for a few miles east of the city of North Platte-
but are here of little importance in yielding ground water. Formations.
older than the Tertiary are relatively unimportant as aquifers and.
are not utilized for water supply in this area.
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The Pleistocene formations which occur in south-central Nebraska
and from which most of the ground water in the area is derived have
not heretofore been definitely correlated with the Pleistocene forma-
tions in eastern Nebraska or with the Pleistocene formations in other
States. As a result of this investigation data have been collected
which appear to indicate that the Pleistocene formations in south-
central Nebraska can be correlated with the Pleistocene of eastern
Nebraska and Iowa. A brief section on the glacial and interglacial
deposits in eastern Nebraska is included in this report to show the
relation of these deposits to those occurring in south-central Nebraska.
The relation between the Pleistocene classifications of the Federal
Geological Survey, of G. F. Kay (1931) for Iowa, of A. L. Lugn (1932)
for Nebraska, and of this report are shown in the table on pages
18-19. The stratigraphic relations in Nebraska and Jowa are shown
in figure 4.

EARLIER WORK

The glacial-drift or till deposits of eastern Nebraska were never
very closely studied until comparatively recently, and there has been
much difference of opinion as to what was drift and what was not
drift and also as to the amount of drift or till present. In 1880
Aughey * discussed the glacial period and gave especial attention to
the loess deposits. He noted evidence to indicate two glacial ad-
vances separated by a retreat during which soil and forest beds were
developed at many places. He also called attention to the occur-
rence of a calcareous and in part siliceous clay and sandy clay of a
darker reddish brown than ordinary loess, which he recognized as
distinct from other materials. This is what is now known as the
Loveland loess. He called attention to its great similarity to the
overlying loess.

Darton ® in discussing the earlier Pleistocene deposits states:
“These deposits comprise a mass of glacial drift in Lancaster and
eastern Seward Counties and a thin sheet of gravelly sand, which
extends far westward under the loess mantle of the plains region
and appears to be contemporaneous with the glacial drift. * * *
No order of succession has yet been determined for the glacial de-
posits.” He understood the general character and relations of these
deposits but evidently felt it unnecessary to his purpose at the time
or for other reasons did not attempt to work out detailed relations.

An extensive report on the Pleistocene deposits of South Dakota
and Nebraska by Todd? was published in 1899. He described a
number of measured sections, mainly in northeastern Nebraska
north of the Platte River.

$ Aughey, Samuel, Physical geography and geology of Nebraska, pp. 252-309, Omaha, 1880.
8 Darton, N. H.,, Underground waters of a portion of southeastern Nebraska: Geol. Survey Water-
Bupply Paper 12, pp. 21-23, 1898.

1Todd, J. E., The moraines of South Dakota and their attendant deposits: Geol. Survey Bull. 158,
PD. 56-81, ete., 1899.
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In 1903 Barbour® discussed the glacial drift of Nebraskain a general
way. In 1914 ° he called attention to the fact that the term “glacial
drift” was used in ‘“‘an unfortunately restricted and local sense in
Nebraska’” but that Pleistocene materials of several different ages
had been recognized in the State. It seems that until very recently
the drifts were not satisfactorily recognized and separated, either
from each other or from the Loveland (“Red drift”’) or the overlying
loess.

Many of G. E. Condra’s observations on the Pleistocene of Nebraska
have not been reported in print. At least 30 years ago he pointed out
to Frank Leverett the existence of materials that pretty definitely
established that Nebraska had experienced glaciation at least twice.
He regarded the ‘“sand plain” under the younger till of eastern
Nebraska as of Aftonian age and considered that the younger till
was the Kansan. He believed that the Kansan was the State’s
major glaciation, and stated that “it is thought by some that the
Jowan and Wisconsin invasions reached northeastern Nebraska’ ! a
supposition not supported by later studies. In 1908 Condra empha-
sized the importance of the Kansan till sheet and “sand bodies, sand
beds, and sand plains” within the till-covered area. He also recog-
nized a large ‘‘glaciofluival sand plain” which, he stated, ‘“‘extends
westward under the loess an unknown distance. * * * This
sheet of sand and gravel is 100 feet thick at some places.” Condra
also called attention to an old channel of the Platte ' and to the
deposits of Todd Valley. Recently he has briefly outlined the main
events of the Pleistocene of Nebraska in accordance with the latest
known facts.!?

The writer ** has published several short notes and abstracts con-
cerning the Pleistocene of this State. He also has recently published
an outline of Pleistocene geology,* in which many of the data and
conclusions contained in this report are given. A more comprehensive
paper !® was published in 1935.

8 Barbour, E. H. (State geologist), Nebraska Geol. Survey, vol. 1, pp. 165-169, 1903.

¢ Barbour, E. H., A phenomenon of the Kansan drift in Nebraska: Jour. Geology, vol. 22, no. 8, pp. 807-810,
1914,

10 Condra, G. E., The sand and gravel resources and industries of Nebraska: Nebraska Geol. Survey [1st
ger.], vol. 3, pt. 1, pp. 52-59, 1908.

1 Condra, G. E., An old Platte channel: Am. Geologist, vol. 31, pp. 361-369, June 1903.

13 Condra, G. E., Geological phases of soil-erosion investigation and control in Nebraska: Nebraska Geol.
Survey Paper 6, pp. 1-22, December 1934.

13 Lugn, A. L., Ground-water hydrology and Pleistocene geology of the Platte River Valley and adjacent
areas in Nebraska: . .m. Geophys. Union Trans. 12th Ann. Meeting, pp. 224-226, June 1931; also abstract,
Geol. Soc. America 1tull., vol. 41, no. 1, pp. 171-172, March 1930; Pleistocene formations of southern Nebraska
fabstract]: Geol. So:. America Preliminary List of Titles and Abstracts, 44th Ann. Meeting, Dec. 29-31,
1931; Geol. Soc. Amsrica Bull., vol. 43, no. 1, p. 190, 1932; Geologic evidence bearing on Pleistocene man in
‘Nebraska [abstract]: Geol. Soc. America Preliminary List of Titles and Abstracts, 47th Ann. Meeting,
Dec. 27-29, 1934.

1 Lugn, A. L., Outline of Pleistocene geology of Nebraska: Nebraska State Mus. Bull. 41, pp. 321-356,

‘October 1934.
1 Lugn, A. L., The Pleistocene geology of Nebraska: Nebraska Geol. Survey, 2d ser., Bull. 10, 1935.
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Other geologists, including W. C. Alden and Frank Leverett, of
the Federal Geological Survey, and G. F. Kay and B. Shimek,
of Towa, have studied outcrops of the glacial formations in eastern
Nebraska. These men have used data from Nebraska in some of their
publications but have not published specifically on this area.

PLEISTOCENE DEPOSITS
GLACIAL AND INTERGLACIAL DEPOSITS OF EASTERN NEBRASKA

The glacial and associated fluvioglacial materials of the glaciated
area of eastern Nebraska (see fig. 2) consist of a lower till sheet, the
Nebraskan, an upper till sheet, the Kansan, and associated bodies of
sand and gravel. Sand and gravel deposits occur under the Nebraskan
till and between the two till sheets, and a considerable accumulation
of more or less locally reworked sand and gravel occurs on top of
Kansan till. (See accompanying table and fig. 4.)
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NEBRASKAN STAGE
BASAL SAND AND GRAVEL

The sand and gravel under the Nebraskan till in the David City
well and elsewhere in eastern Nebraska are believed to be of early
Nebraskan age. They are thought to consist of the outwash fluvio-
glacial material carried into old pre-Pleistocene valleys and other
depressions on the bedrock in front of the Nebraskan glacier and the
inwash sediment carried from other directions by streams whose
valleys were dammed by the ice itself or by debris washed from the
melting ice sheet. The quantity of this material is large in eastern
Nebraska, even though it is exposed at only a very few places and
known mainly from well logs. The deposit is widespread but is not a.
continuous sheet, because of the irregularities on the bedrock floor
on which it was deposited. It fills old buried pre-Pleistocene valleys.
and ranges from a few feet to 150 feet in thickness. It is said to be
150 feet thick east of David City, where it has been penetrated in deep
test wells.

The following log indicates the character and relations of these
early Pleistocene deposits:

Log of farm well 2 miles west and 2 miles south from Bellwood, Nebr., in NW Y sec..
1, T 15N, R. 1 E.
[In a deep gully in bluff on south side of Platte River Valley. Altitude 1,490 feet]

Thickness Depth
(feet) (feet)

Kansan till (yellowish boulder clay) . e 60 60
Intertill sand and gravel (Kansan or Affonian) . oo oeooeocomoomooooos 22 82
Nebraskan stage:
Till, blue-black boulder clay. I 85 167
Clay, white, with some gravel...__. . - 15 182
Sand, coarse and water-bearing - ——
Clay, white, hard 3 220
Sand and gravel, loose; contains bits of cedar wood 60 280

Four feet more of Kansan till was exposed in the bank above the
well portal, and rather thick loess formations occur over the Kansan
till in the high banks of the gully.

Sand and gravel that correspond to the basal Pleistocene deposit of
the David City and other wells are exposed at several places near
Hartington, in Cedar County. Here the deposit consists of fine- to
medium-textured gray sand, from 5 to 20 feet thick, underlying the
Nebraskan till. It is quite unlike the much more heterogeneous sand
and gravel that occur in this area between the Nebraskan and Kansan
tills. It is conspicuous where the gullies have been eroded entirely
through the Nebraskan till. This formation is a source of well water
at many places in the eastern part of the State.
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TILL

The till to which the name “Nebraskan till”’ was applied by Shimek 6
in 1909 1s well developed in eastern Nebraska and extends farther west
than the Kansan till. It is thicker than the Kansan till in most places.

The lithologic character of the Nebraskan till in this area is similar to
that in other areas, except that it may contain a greater admixture of
Sioux quartzite and naturally a large content of the local overlying
bedrocks. This fact is well illustrated in the northeastern part of the
State, where the till contains great quantities of Pierre and Niobrara
shale and, because of this, relatively fewer boulders and pebbles than
the higher and younger Kansan till. In genersal, it is made up of a
heterogeneous mixture of granitic, metamorphie, and sedimentary rock
materials of nearly all kinds, ranging in size from colloidal particles to
large boulders. Where it is preserved in its entirety, it has a few feet of
gumbotil at the top, below which usually occurs several feet of oxi-
dized and leached till, underlain by a zone of oxidized but unleached
boulder clay, and beneath this the unaltered dark-gray to black till.

Late Aftonian erosion greatly dissected this till sheet, and because of
the nearness of most places in the glaciated area of the State to the till
margin, less gumbotil had time to form here than over the wide
Nebraskan till plain of Iowa. Because of this, the Nebraskan till is
poorly preserved, and there are few sections where all the above-men-
tioned zones can be seen. The Kansan till or even younger formations
may rest on the eroded Nebraskan till, in contact with any of its zones,
from the uneroded gumbotil down to the fresh unaltered boulder clay.

It is often impossible, because of the lithologic similarity of the
two tills, to distinguish Nebraskan from Kansan unless the gumbotil
is still preserved at the contact between them in the section. The
degree of leaching or oxidation may be of little value in differentiating
the two till sheets where, in the absence of more or less of the upper part
of the Nebraskan, the Kansan till rests on the oxidized and unleached
zone or even on the unaltered lower till.

One of the best exposures of the two tills, where their relations are
clearly revealed, occurs in the south bluff of the Platte River Valley
southwest of Fremont.

18 Shimek, B., Aftonian sand and gravels in western Iowa: Geol. Soc. America Bull., vol. 20, pp. 309-408,
1009,
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Section about 2% miles west and three-quarters of @ mile south from Fremont, Nebr., in
sec. 19, T. 17 N., R. 8 E.
{Top of section at edge of bluff is 1,330 feet above sea level, the general level of the upland plain in this
vieinityl
Feet

Peorian loess (yellow clay); mantles the slopes of tributary
gullies as well as caps the bluff itself and lies on and in

contact with every formationbelow. ... __________ 0-40
Loveland loess (red loess clay). Only remnants of this forma-
tion are exposed. It is sharply eroded at the edge of the
bluff under the Peorian, and is in uneven erosional contact
with both the Kansan till below and the Peorian loess

above . e 0-8
Kansan till (gray, unleached, and, except for the upper few
feet at some places, unoxidized typical boulder clay).
Basal contact is nearly horizontal on the underlying gum-
botil, but elsewhere it is uneven and plainly unconformable

on the lower eroded till) ___ __ e 0-37

Nebraskan glacial stage:

Gumbotil (dark-brownish clay, with quartz pebbles and
quartz sand grains; leached of soluble original lime-
stone but contains some secondary carbonate). The
weathering of this Nebraskan till into gumbotil

occurred during the Aftonian stage. . .. ______ 0-3
Till (10 feet of dark-gray till well exposed; 35 feet of till
poorly exposed, mostly under covered slope to the
water level in the Platte River at the base of the

Beetion) . . o oo e 45

The entire Nebraskan of this section is well exposed at other points
nearby along the bluff above the waterlevel. The till probably extends.
18 to 20 feet below the Platte River level at this point, as 18 feet of
till was penetrated in a shallow well put down at the base of the bluff’
about half a mile east of the section. Coarse gravel was encountered
below the till in this well. The thickness of the gravel at this point.
is unknown, but it is about 20 feet thick in water wells that reach it
from the upland level south of the river. These Pleistocene forma--
tions lie on the Dakota sandstone and the Graneros shale in this part.
of Nebraska. (See fig. 3.)

The Nebraskan till is known from many other exposures, especially
in the northeastern part of the State, and some occurrences have been
noted in the southeastern counties. It is clearly present in the vicinity
of David City, where it appears from a study of well logs to have-
attained its maximum thickness of about 80 to 100 feet. It is as
much as 75 feet thick in Cedar County near Hartington but is gener--
ally thin or absent (by erosion) in the southeastern part of the State..
It will be noted in some of the sections given in the following pages..

GUMBOTIL

As defined by Kay gumbotil results from the almost ultimate-
weathering and leaching of glacial till or boulder clay after long expo--
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sure on & poorly drained till plain.”” It is always a tough dark-gray to
black impervious clay, usually containing only quartz or quartzite
pebbles, and grades downward into oxidized and leached till, the
parent material. All soluble mineral matter has been leached out,
and all granitic minerals and pebbles or boulders are usually thor-
oughly disintegrated by weathering. This till was laid down in the
Nebraskan glacial stage, but the process of weathering of the till into
gumbotil occurred during the succeeding Aftonian interglacial stage.

Erosion and dissection of a till plain terminates gumbotil formation
and removes much and in places all of the gumbotil previously formed.
Only remnants of gumbotil weathered from the Nebraskan and
Kansan tills remain on the till sheets of eastern Nebraska. A small
remnant of gumbotil at the top of the Nebraskan till, somewhat
changed in color and altered by superficial weathering, has been noted
in the section southwest of Fremont. Exposures of similar remnants,
with till above and below, are known to ocecur in Saunders, Butler,
and Colfax Counties and also possibly in Dodge and Lancaster

Counties.
AFTONIAN STAGE

The Aftonian interglacial stage is represented in eastern Nebraska
by the weathering of the upper part of the Nebraskan till into gum-
botil, probably by vegetal deposits (“forest beds’’), possibly by beds
of silt, sand, and gravel occurring between the Nebraskan and Kansan
till sheets—which may be of either early Kansan or Aftonian age—
and by erosion.

AFTONIAN OR EARLY KANSAN INTERTILL SILT, SAND, AND GRAVEL

An old soil, 6 to 8 inches thick, not a gumbotil, is known to lie
between layers of till in the vieinity of Valparaiso. Fine-textured beds
of dark clay and silt, with very few if any of sand or pebbles, occur
between deposits of typical boulder clay in northern Lancaster, south-
ern Saunders, and northeastern Seward Counties. This material lies
between the Nebraskan and Kansan tills and may be of Aftonian age.
W. C. Alden,® of the United States Geological Survey, has suggested
that this material may represent a local accumulation of silt and clay
that was reworked from the earlier deposit of Nebraskan till by rela-
tively gentle erosive action during the Aftonian interglacial stage.

Local lenses of intertill sand and gravel as much as 30 or 40 feet
thick, some of them of considerable extent, are known at many places
in the drift-covered area of eastern Nebraska. This material ranges in
texture from coarse gravel to fine sand, and many of the deposits are
extensive enough to store sufficient water for farm and village supplies.

17 Kay, G. F., Gumbotil, a new term in Pleistocene geology: Science, new ser., vol. 44, pp. 637-638, Nov. 8,

1916. Kay, G. F., and Pierce, J. N., The origin of gumbotil: Jour. Geology, vol. 28, pp. 89-105, 1920,
1 Personal communication.
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The material seems to be a filling in old valleys, which were eroded into
and in places through the Nebraskan till, prior to the deposition of the
gravel but later than the formation and subsequent erosion of the
gumbotil. The intertill sand and gravel must then have been de-
posited very late in Aftonian time or early in Kansan time. It seems
more probable that the intertill materials were carried out in front of
the advancing Kansan ice by glaciofiuvial waters from the melting
ice sheet and transported by streams from the west and northwest,
and that they choked and filled the pre-Kansan valleys that were then
more or less dammed up by the ice itself. The deposits thus formed
were subsequently overridden by the Kansan glacier, and the fluvial
accumulation went on, during the remainder of the Kansan stage, west
of the terminal moraine, to build up the Grand Island formation.
This explanation is identical with the explanation previously mentioned
for the early Nebraskan sand and gravel.

A description of one of the best exposures in southeastern Nebraska,
containing both the Nebraskan and Kansan tills and the intertill
beds is given below:

Section about 8% miles south of Tecumseh, Nebr., inthe NW¥ sec. 9, T.3 N., R. 11 E.

Soil and Peorian loess (elay) .o - oo oo e 2
Loveland loess (red sandy loose clay containing some peb-
bles); thinly mantles slope over lower beds. The lower
3 to 4 feet consists of medium to fine sand where the Love-
land rests directly on the eroded boulder clay....__.___._ 2-5
Kansan till (yellowish and gray boulder clay). Lower part
does not contain many pebbles, but upper part is more
typical, with more pebbles and cobbles. The lower con-
tact horizontal, but contains small masses of the underly-
ing brownish sand; the till pinches out to a thin edge
against the eroded slope to the north.._________________ 0-15
Intertill deposits (Aftonian?):
Sand, brownish and gray, medium to fine texture; lower
10 feet badly covered; may be transitional to clay

beloW o e e 33
Clay, laminated, slightly sandy, grayish to dark buff

and yellowish_____ . _ . ____ 5-6
Sand, very fine, whitish, silty, with much secondary

calcium carbonate concentrated in upper 2 feet_._.___ 10

Nebraskan till (typical boulder clay, pebbles, cobbles, ete.,
grayish, unoxidized and unleached; lower 8 feet is covered
slope to drainage level, upper 10 feet exposed) .__________ 18

Many other occurrences of the intertill materials 10 to 40 feet or
more thick, as noted in the foregoing section, are present in the
southeastern part of the State. Some of the exposures are small and
inconspicuous, others are larger, and many have remnants of Kansan
till still in place over the sand and gravel. At some places the for-
merly overlying Kansan till has been completely broken down and dis-
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integrated, leaving only a heavy gravel, cobble, and boulder residual
concentrate over the somewhat cleaner and better-sorted finer sand
and gravel. Here and there such residual concentrates can be traced
into boulder clay. Gravel pits of considerable local importance have
been opened in the intertill deposits in Johnson, Pawnee, Richardson,
and Nemaha Counties. At most places small remnants of Kansan
till or accumulations of the residual debris occur over the gravel out-
crops. Remnants of Nebraskan till are known to occur under the
intertill sand and gravel at a few places. Locally the intertill de-
posits have yielded vertebrate fossil remains, usually dated as Aftonian
or early Kansan.

Occurrences almost identical with those noted above can be seen in
the northeastern part of the State. The intertill sand and gravel are
well developed and well exposed in Cedar, Knox, and Dixon Counties,
and there are many occurrences in other counties. Some of the best
exposures of the Pleistocene formations in northeastern Nebraska are
found at or near Waterbury, Coleridge, Hartington, Randolph, Bloom-
field, Crofton, Bazile Mills, Pierce, and Norfolk.

The thickness of Nebraskan till ranges from a knife edge at some
places to 75 feet or more northeast of Hartington. The till is more
or less overlain by intertill gravel deposits which reach a maximum
thickness of 40 feet or more and which are generally confined to old
Aftonian channels or valleys, as they are in the southeastern part of
the State.

The Kansan till, except in a few places, occurs only as small thin
remnants of boulder clay over the intertill deposits, or it may be
represented only by a residual accumulation of gravel, cobbles, and
boulders, as is well shown at the old gravel pit about 1 mile west of
Bazile Mills. Nebraskan boulder clay also occurs a short distance
southeast of Bazile Mills under a thick capping of gravel.

A fairly typical section for this part of the State is given below.

Section near Tiptop School, about 2% miles north of Hartington, in the SWY% sec. 13,

T.81 N, R. 1E.
Feet

Loess, yellow silty clay under covered slope_ .- ccccvoomen- 4-10
Peorian yellow loess, exposed under soil in roadside bank. .. 2
Kansan till, much disintegrated and weathered, but some

small areas are typical oxidized boulder clay - oo - 0-2

Intertill sand and gravel, mostly brownish and gray sand;
upper 6 to 8 feet, oxidized to a brownish color, normally
contains no large cobbles or boulders here. Where the
Kansan till has completely disintegrated over it a gravel
and cobble concentrate has been let down on the intertill
SANA - o e e 15-25

Nebraskan till, gray boulder clay with many small pebbles_. 10-12

Covered slope for about 30 feet. The Niobrara formation
cannot be far below the bage of the slope, and the lower or
Nebraskan till may be as much as 30 to 40 feet thick at
this point.

121343—38—3
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The intertill sand and gravel in this vicinity have also yielded some
vertebrate fossil remains, mostly of Aftonian or early Kansan age.

EKANSAN STAGE

The Kansan glacial stage is represented in eastern Nebraska by
remnants of a once extensive sheet of till, possibly by the intertill
deposits described above as belonging to either the Aftonian or the
Kansan stage, and by remnants of the gumbotil into which the upper
part of the Kansan till was weathered during the Yarmouth inter-
glacial stage.

TILL

The maximum thickness of the Kansan till, so far known, seems
to be about 100 feet at some points in Butler County. It may be
even thicker in western Saunders County and eastern Seward County
and possibly at other places. The till is lithologically almost exactly
like the Nebraskan boulder clay, except that it may contain a higher
percentage of Sioux quartzite fragments and certainly less of the under-
lying shale or limestone bedrocks. Because of its remnant character
and thinness, and because it usually occurs relatively high topo-
graphically, it is very likely to be more oxidized and even discolored
reddish from the overlying Loveland loess than the lower and more
protected Nebraskan boulder clay. This has led to a generally
accepted misconception about the two till sheets in this State—
namely, that the Kansan is red and that the Nebraskan is dark gray
or black. Where enough Kansan till is present it has the same
weathering zones as the Nebraskan till-—that is, gumbotil at the top,
an oxidized and leached zone, an oxidized but unleached zone, and
at the bottom unaltered, unoxidized, and unleached gray or black
boulder clay.

The Kansan till has been differentiated from the underlying
Nebraskan till with greater certainty in the Platte River Valley bluff
southwest of Fremont than anywhere else in the State. It has been
reported in several of the sections previously given, in which its
thickness ranges from a few feet to at least 100 feet. In many places
it has at its upper surface a lag concentrate or residuum of pebbles
and boulders which contains a large amount of Sioux quartzite
fragments, and at some places a lag concentrate is all that remains of
the Kansan till. This concentrate of coarse fragments was formerly
considered to be the Kansan drift.

The distribution of the Kansan till is thought to have been almost
coextensive and nearly coterminal with the Nebraskan, except that
the earlier Nebraskan glacier is believed to have extended 15 to 20
miles farther west beyond the Kansan terminus in Butler and Polk
Counties. North of the Platte River in Platte, Madison, Pierce, and
Knox Counties the two till sheets are apparently about coextensive.
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The thin edge of the Kansan till sheet and some of its thicker morainal
development across Butler County and in Seward County are so deeply
buried under loess formations (Loveland and Peorian) that there is
no topographic evidence of their presence.

Neither the Kansan nor the Nebraskan till is believed to extend
west of the Big Blue River between Seward and Crete. However,
south of Crete the Kansan till is thought to extend beyond the Nebras-
kan till border to rest on relatively high bedrocks in Saline and Gage
Counties and to extend a short distance into Fillmore County at
Milligan. In Jefferson County the Kansan till overlies a fine-textured
phase of the Holdrege formation (of Nebraskan age), which rests on
an uneven bedrock floor.

The Kansan till is generally thick in the counties bordering the
Platte River Valley and southward into eastern Seward and Lancaster
Counties. In the southeastern part of the State it is rarely more
than 10 to 15 feet thick. In Johnson and Pawnee Counties it occurs
topographically high and usually is covered by only a thin mantle of
Loveland and Peorian loess.

The Kansan till is fairly well developed north of the Platte River
Valley and also occurs topographically high under the prairie plain
in Stanton, Cuming, Wayne, Pierce, Cedar, and eastern Knox Counties.
It seems to attain its thickest development, for this part of the State,
at a point 6 to 7 miles west of Crofton, where it rests unconformably
directly on the Nebraskan boulder clay without any intervening in-
tertill gravel. The materials at this point were well exposed by new
road grading in the summer of 1933. The section is given below:

Section about 8 miles west of Crofton, near the intersection of the Crofton-Niobrara

road and the Bloomfield road
Feet

Peorian loess (yellowish silty elay) - _______.__ 26
Kansan till (light-gray fresh boulder clay; contains many
limestone pebbles and some Niobrara boulders). The color
of this material is in distinet contrast to the much more
weathered and more brownish upper part of the lower till.
The lower contact is uneven and is marked by a distinct
ferruginous zone 3 to 4 inches thick, exposed for a few

Nebraskan till (typical boulder clay, brownish for the most

part; contains fewer pebbles and boulders than the upper

till) ; lowest contact sharp_ - _____.___ 60-70
Niobrara formation, a few feet exposed.

Farther east the Kansan usually occurs only as remnants on more
or less thick intertill deposits and has been largely removed by erosion
nearer the larger drainage courses, especially near the Missouri River.
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GUMBOTIL

The gumbotil that was weathered from the upper part of the Kansan
till during the Yarmouth stage has been found at only a few places.
These occurrences are mostly in western Saunders and eastern Butler
Counties and a few doubtful outcrops in Lancaster County and possibly
in eastern Seward County. Most of the remnants of this material
are much weathered and are usually discolored from the generally
overlying red Loveland loess. The gumbotil at most places contains
secondary calcium carbonate, leached from the overlying loess deposits.

One of the most typical and unmistakable occurrences of gumbotil
at the top of Kansan till is seen in an exposure near Pleasantdale, in
southeastern Seward County.

Section about 1% miles south of Pleasantdale, in sec. 1, T. 9 N., R. 4 E.

Feet
Peorian yellow loess (at level of upland plain)__ ... __ 5-10
Loveland loess (sandy red ¢lay) - - - oo oo oo cm e 7-8
Kansan stage:
Gumbotil (tough, sticky gray clay, with no large pebbles
and only quartz or quartzite sand grains and small
pebbles, somewhat superficially weathered) .. __.___ 1-13%
Till, upper part oxidized and leached, but poorly ex-
posed down to drainage level ... ___ . _______ 90

YARMOUTH STAGE

The only certain record of the Yarmouth interglacial stage in eastern
Nebraska is the gumbotil formed by the weathering of the upper part
of the Kansan till. The weathering occurred during the Yarmouth
stage, but the till was laid down during the Kansan stage.

LATE YARMOUTH OR LATER PRE-LOVELAND EROSION

The explanation for the general absence of gumbotil at the top of
the Kansan till is simple. Late Yarmouth or later pre-Loveland
erosion so thoroughly and extensively dissected the Kansan till plain
that nearly all of the gumbotil and, except in a few counties, most of
the Kansan boulder clay were removed. The erosion and dissection
at that time seem to have been much greater and more thorough than
the earlier erosion in late Aftonian or pre-Kansan time. Perhaps the
region had been rejuvenated to a somewhat higher level. The relief
developed before Loveland deposition began seems to have been nearly
as great as at present. The Loveland, in general, mantled the slopes
of the late Yarmouth surface, except along the Platte River Valley,
where it occurs only at a higher level than the Kansan till and was
sharply eroded at the edge of the bluff prior to Peorian deposition.

There is fairly conclusive evidence that the valleys of the Repub-
lican, Big Blue, Little Blue, and Missouri Rivers were opened up again
in late Yarmouth or later pre-Loveland time. Many other drainage
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systems in eastern Nebraska were reestablished along pre-Kansan or
earlier drainage lines during this epoch.

GROUND WATER IN THE GLACIAL AND ASSOCIATED DEPOSITS OF EASTERN NEBRASKA

Most of the ground water in the glaciated area of the eastern part of
Nebraska, about 13,000 square miles in extent, is drawn from the sand
and gravel that underlie the Nebraskan till, the intertill sand and
gravel, and to a less extent from small bodies of sand and gravel of
Loveland age. The quantity of water available from these lenses,
sheets, and channel deposits is generally small. There is usually
sufficient water to supply farm wells and at some places enough for
small village supplies. The occurrence of these irregular and somewhat
erratic aquifers is generally quite unpredictable, except by local well
drillers, who through long experience have been able to learn of the
locations of buried channels and some of the larger lenses. Local
drillers usually become familiar with the depths at which the sands
may be expected in their areas.

A few dug wells are still in use in eastern Nebraska. They depend
on shallow seepage water from loess or till. Dug and bored wells
usually range from 30 to 80 feet in depth. Some shallow wells are
located in valleys and draw some water from alluvium. However,
erosion and gully development have largely ruined these shallow
water supplies, and it has been necessary to seek for deeper sources,
which are not everywhere available. Thus it has come about that,
more and more, farmers in the southeastern part of the State are
taking steps to prevent drainage and gully washing and are con-
structing small reservoirs and cisterns. Villages and towns are more
dependent on deeper and more permanent supplies, which are not
always easy to find.

FLUVIATILE PLEISTOCENE FORMATIONS WEST OF THE TILL BORDER
GENERAL FEATURES

The fluviatile Pleistocene deposits west of the till border in Ne-
braska comprise two formations of sand and gravel and two of sandy
clay and silt. They are believed to be the correlatives of the glacial
formations of eastern Nebraska, Iowa, and other areas, from the Ne-
braskan stage to the Yarmouth stage, inclusive. The composite dis-
tribution of the two sand and gravel formations (Holdrege and Grand
Island) is indicated on figure 5. In a general way, the closeness and
number of dots and their size on the map indicate the composite thick-
ness and texture of the fluviatile sand and gravel. The lighter areas
indicate the ridges and hills of high but buried bedrock. The “outlet
valleys” along the Republican River Valley are also conspicuously
shown. The stratigraphic relations and correlation of these beds are
shown graphically in figure 4.
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The materials of these formations were recognized by Darton,'?®
and he called attention to ‘““a thin sheet of gravelly sand, which extends
far westward under the loess mantle of the plains region and appears
to be contemporary with the glacial drift.”” Condra #* also recog-
nized the extent and the thickness of the fluviatile Pleistocene deposits
and called them a “glaciofluvial sand plain.” He states:

This sheet of sand and gravel is 100 feet thick at some places. It lies below at
least a part of the till plain and extends westward under the loess an unknown
distance.

The most completely exposed section of these formationsis at Lovers
Leap, near the south bluff of Cedar Creek, about a mile northwest of
Fullerton, in Nance County (pl. 1, B). The section is described be-
low and is shown graphically in connection with well logs from other
places in figure 6.

Pleistocene deposits at Lovers Leap, west of Fullerton

Feet
Peorian loess (buff clay, silty, somewhat whitish).___...._ 66-100
Erosional unconformity.
Loveland loess (0-37 feet):
Soil, mucky, dark gray to black. .. .. _____ 1Y%
Loess clay, reddish, silty_____ .. _______.__ 23%
Clay, reddish and sandy__. ... _.___________ 5
Clay and laminated sand, lessred.. . ... ____.._ 5
Upland formation (6-11 feet):
Tough gray clay, old soil in places_ .. ____________ 2
Sand, fine with some clay, greenish gray____.______ 1%
Clay and very fine sand, greenish..__.___.____._____ %
Clay, greenish, sandy hard_ _ .. oo ____. 1%
Sand, fine, some clay, gray and greenish_ ... _..__ 4
Clay, grayish . _ . 1
Grand Island formation_ . . _______ 33

Fullerton formation (20 feet):
Silt, gray, soft, fine and uniform in texture, mi-
nutely laminated . _____________________ . _____ 3
Clay, dark gray, hard, silty; some very fine sand; con~
tains many hard caleareous concretions, some 1 foot
in diameter, This is the base of the exposure at
the flood-plain level of Cedar Creek, 1,616 feet

abovesealevel. . ___ _____ . ___ . _____________ 17
Holdrege formation (sand and gravel similar to the
Grand Island). Known from wells but not exposed. . . 40

All the beds in the section are in place and fully exposed in one con-
tinuous outcrop, except the Holdrege formation. This is the type
exposure of the Fullerton formation and is its only known outcrop
except in the northern part of the State; elsewhere it is generally
recognized in wells.

Tf);t;n,—N._H., Underground waters of a portion of southeastern Nebraska: Geol. Survey Water-Supply
Paper 12, pp. 21-23, 1898.

# Condra, G. E., The sand and gravel resources and industries of Nebraska: Nebraska Geol. Survey
{1st ser.], vol. 3, pt. 1, pp. 54-56, 1908.
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A deep well was drilled on the upland a few yards south of the crest
of the bluff at the location of the foregoing section. It penetrated the
same beds as occur in the exposure. A brief log follows and is shown
graphically in figure 6.

Log of well near Lovers Leap, west of Fullerton

Thickness | Depth
(feet) (feet)

Peorian 10ess (DU ClaY) o u oo oo e e e —m——— e ——— 67 67
Loveland loess (red clay and sand) - o ciiccamans 37 104
Upland and Grand Island formations (sand and gravel—first water sand, dry). The

Upland was not differentiated by the driller_. - 39 143
Fullerton formation (silt and clay, dark and hard) ____________________________________ 20 163
Holdrega formation (sand and gravel—second water sand—coarser than the upper 0 203
Niobrara formation (bluish-gray hard shale).. . cceooceooooo oo - 280 483

The stratigraphic relations of the fluviatile formations to the till
sheets and to the overlying loess formations are shown in figure 7.
This geologic section, about 240 miles long, is based on many out-
crops and on many logs from water wells and test wells. It parallels
the Platte River closely except where it crosses the valley at Fremont.
Three valley basins buried under Holdrege, Hastings, and Aurora and
the relatively high bedrock divides under Minden and between Hast-
ings and Aurora are shown as accurately as data at present in hand
permit. A similar geologic section extending from Dannebrog, in the
Loup River Valley, through the city of Grand Island near the Platte
River and eastward to Lincoln, based on detailed well logs, is shown
in plate 2. This section extends practically across the buried Aurora
basin and reveals the relation of the Platte River to the plains and
the continuity of the fluviatile formations under both the plains and
the Platte River Valley.

The areal distribution of the fluviatile formations south of the
Platte River is known in considerable detail, but much less is known
of the distribution of these formations north of the river. There are
three principal reasons for this lack of knowledge. First, in the loess-
hill area and north of the river these formations are more or less con-
fined to deep buried valley fills separated by ridges and divides of
bedrock. These early Pleistocene valleys trend from northwest to
southeast and were feeder channels to the alluviated areas in southern
and southeastern Nebraska. Second, there are very few outcrops,
as the entire area, except at the extreme north in Knox and Holt
Counties, is deeply buried under thick deposits of Loveland and later
loess and sand hills. Third, north of the Platte River very few ac-
curate well logs seem to be available on which to base conclusions,
and very little test drilling has been done.
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Outerops in Holt and other northern counties, however, reveal
almost everywhere a lower and an upper bed of sand and gravel sep-
arated by a bed of clay and silt. A few good well logs are also avail-
able to show that these formations are also present in areas covered
by thick loess deposits. The individual units vary greatly in thick-
ness, largely because of the irregularities of the bedrock surface on
which they were deposited. In general, the Holdrege sand and gravel
are more or less confined to the deeper parts of the buried early
Pleistocene drainage valleys. The Fullerton and Grand Island forma-
tions overlap against the bedrock slopes, and the upper sand and
gravel may even extend beyond the limits of the old valleys and
spread widely over old buried terraces and peneplains. This is true
especially in Brown, Rock, Holt, and Knox Counties.

The thickest fluviatile deposits occur in the counties immediately
west of the till border, where the Missouri-Niobrara drainage flowed
southward along the ice margins. (See fig. 5.) The greater part of
the fluviatile debris in this area is glacial outwash from the ice and
till sheets. Apparently the thickest known occurrence of fluviatile
materials is in Boone County about 4% miles east and 1}4 miles south
from Albion (middle of the south side of sec. 29, T. 20 N., R. 5 W.).
Here a well 509 feet deep penetrated the deposits shown in the

following log:

Log of well south of Albion, Boone County

Thick-
Depth:
(?::f) (feet)

Loess (Peorian and Loveland) 80 80
Clay, gray, sticky, hard, jointed (UEland).--- 10 90
Fine sand, some ciay, layered, “sticky and gummy”’ 100 190
Sand and gravel, fine- and coarse-layered-_.— .o __.._. 125 315
8and, finer; some silt and thin clay layers; a well-defined thick silt layer (Fullerton?)

somewhere in this bed.. .o 160 475
Gravel, uniform and like “‘cornmeal”. ——— 10 405
8and, silt, and cla% 10 495
Clay, sandy, very hard; probably reworked shale. 8 503
Shale (Cretaceous, Pierre) 6 500

Only thicknesses of a few feet (or none at all) of the Grand Island
sand and gravel, the Upland formation, or the Loveland and Peorian
loesses are found south of the Republican River.

The fluviatile formations are exposed in and near the Platte River
Valley and have significant relations to the nature and history of the
river and its valley. In addition to this, these formations have direct
genetic relations to the Nebraskan and Kansan glaciations in Nebraska.
They are distributed over 15,000 to 20,000 square miles or more of
the State and they occur under both the plains and the Platte River
Valley, as shown in figure 7 and plate 2.
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Most geologists have regarded the Platte River as a classic example
of an anastomosing or braided aggrading stream, with normal rela-
tions to the valley sides. The valley was believed to have been cut
at first in bedrock in the normal way, and later, as the drainage area
increased, to have been more or less filled with alluvium (at least in
part during Pleistocene time). A few geologists have thought that the
alluvium or valley fill of the Platte Valley, assumed to have accumnu-
lated in the manner stated above, rested in contact with fluvioglacial
“sheets” or ‘“‘channels” of gravel and sand that underlie the plains
south of the Platte River. It is now evident that, as stated above,
these formations extend under the Platte River Valley and under the
plains both to the north and to the south, except, of course, that the
upper formations may have been more or less thoroughly cut out by
erosion during the excavation of the present valley. However, ero-
sional unconformities occur above the Fullerton and above the Upland,
and therefore these formations are absent in some outcrops and miss-
ing in some well logs. The Fullerton and in a few places the Upland
beds can be traced from the valley back under the bluffs, indicating
that these formations are continuous from the valley under the plains.
The continuity of the Holdrege sand and gravel has also been estab-
lished by detailed test drilling. The Grand Island formation of sand
and gravel, into which the Platte River has cut rather deeply, can be
traced from under the present flood plain and terraces, along con-
tinuous outcrops under the loess, along tributary drainage lines, and
in deep road cuts in the valley sides. This is especially true of the
upper fine sand of the Grand Island formation. The continuity and
areal extent of these fluviatile formations, as shown in figure 5, have
been established by the study of outcrops, of information from well
drillers, and of many test drillings made for that purpose under the
writer’s direction.

The sand and gravel exposed along the Platte River contain the
same kinds of vertebrate fossils, in the same state of preservation, as
the fluvioglacial and fluviatile sand and gravel deposits under the
loess plain between the Platte and Republican Rivers and elsewhere.
These fossil bones, teeth, etc., fromn sand and gravel pits both in and
outside of the Platte River Valley are regarded by paleontologists as
early Pleistocene—that is, Kansan or older.

If the sand and gravel in the valley were alluvium and later than
early Pleistocene, the early Pleistocene specimens would probably
show some evidence of rehandling and wear beyond that of similar
specimens from pits and other exposures elsewhere outside of the val-
ley. Also, the later alluviumn should contain recent fossils, which have
not been found except where they are known to have been “intruded”
from the present surface. The early Pleistocene fossils bear evidence
of having been deposited in place and having remained undisturbed,
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except of course very near the present surface. Recent alluvium of
the Platte River is apparently limited to a few feet of reworked sur-
face material.

Topographic evidence, from exposed sections along or in the bluffs
of the Platte Valley, indicates that the Platte River Valley is of post-
Loveland but pre-Peorian age. The Loveland loess is always found
in place in the bluffs, lying in the east on the eroded gumbotil at the
top of the Kansas till and west of the till border on the eroded Upland
formation. The Loveland, unlike the younger Peorian loess, nowhere
mantles the eroded side slopes of the valley. It is also in place even
where it is thicker than the depth of the valley itself, as south of
Gothenburg, or where its base extends below the flood-plain level, as
west of Kearney, and it is clearly older than the valley.

Peorian and later loess is widely distributed over the plains, resting
on the eroded Loveland, and it also mantles the bluff slopes and
occurs on the terraces and, in places, on the river flood plain itself.
The Peorian and younger loess covers and obscures the eroded edges
of the horizontal Loveland loess and the Kansan and Nebraskan tills
in the east; west of the till margin it similarly obscures the Loveland
and Upland formations and rests on the eroded upper part of the
Grand Island formation. It has apparently been deposited since the
erosion of the Platte River Valley.

The main cause of confusion in the correct understanding of the
sand and gravel along the Platte River is the fact that these sheetlike
layered fluviatile deposits are unconsolidated and look like alluvium,
which in fact they were at the time and under the conditions existing
when they were deposited. The lithology of the unconsolidated sand
and gravel under the plain south of the Platte River, as south of
Hastings, along Thompson Creek, and at scores of other places,
is identical with that of the sand and gravel along the Platte River.
However, the material was spread far and wide, probably by many
streams draining from the mountains and High Plains, and a great
alluvial plain was built up in front of the glaciers and terminal mo-
raines of till. The deposits of all the southeastward-flowing streams
first filled the valleys and then spread over the low divides and
coalesced, eventually covering an area of many thousand square
miles. (See fig. 5.) The finer-grained Fullerton and Upland forma-
tions were formed during interglacial stages, when there was less
vigorous erosion and sedimentation and possibly more transportation
by wind, in strong contrast with the vigorous sedimentation of the
glacial stages with which the Holdrege and Grand Island formations
are correlated. This rather long epoch of alluvial deposition eof these
fluviatile formations was followed by the eolian deposition of the
Loveland loess. The erosion of the Platte River Valley took place
next, and this valley cutting eventually reached the sheets of sand
and gravel that now retard further down-cutting by the river.
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The Platte River has cut through the Loveland and Upland forma-
tions by being competent to carry such material away. It has also
been competent to transport the fine sand that forms the upper part
of the Grand Island formation. However, as the river continued to
deepen its valley and cut farther down into the Grand Island forma-
tion, the material in general became coarser and more difficult to trans-
port.

The Platte is now able to transport clay, silt, and fine sand but
can only slightly rework the coarser material, which it has now
reached in the process of valley cutting. It seems to have been an
eroding stream until recently, and probably it was never in recent
times an aggrading stream to any extent.

HOLDREGE FORMATION

The Holdrege formation consists of sand and gravel, generally
coarse near the base and finer toward the top, quartz and other granitic
and metamorphic crystalline minerals, and rock fragments. This
material is thought to have been transported by rivers from the west
and northwest. The formation contains some outwash material from
the Nebraskan glacier near the margin of that ice sheet. It may
therefore be described as an inwash-outwash fluvioglacial deposit,
which was built up, during the Nebraskan stage, as an alluvial plain,
mainly in south-central Nebraska. Part of the material was carried
into the State by the Missouri-Niobrara drainage system and de-
posited in front of the Nebraskan glacier. Other streams from the
west and northwest, principally the Pleistocene North Platte River,
also contributed much material, largely reworked from the Tertiary
formations of the High Plains. The Holdrege formation is con-
sidered to be equivalent to the Nebraskan till and the underlying
sand and gravel of eastern Nebraska.

The Holdrege formation appears to be rather homogeneous as a
whole but is intricate in its detailed make-up. It is a more or less con-
tinuous sheetlike alluvial-plain deposit, but it is interrupted by buried
ridges and hills of bedrock. It is very irregular in thickness, as it was
deposited on a somewhat uneven bedrock surface. Its thickness
ranges from perhaps 120 feet or more down to the vanishing point and
probably averages about 70 feet. It extends more or less continuously
under an area of about 15,000 square miles, and contemporaneous
valley deposits, which were feeders from the west and northwest,
extend over a large additional area.

The formation is not known to crop out at any point along the Platte
River Valley or elsewhere in south-central Nebraska. However, it
may be exposed at some points along the Republican Valley and is
exposed at several places in the Niobrara Valley. Because it is almost
completely covered, it has not furnished many mammalian fossils. It
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is known almost entirely from well logs and was named for Holdrege,

in Phelps County, near which it was found in the Trees deep-test well

for oil and gas, a partial log of which is given below.

Log of Trees test boring, near middle of SW% sec. 23, T. 6 N., R. 19 W., 2 miles
north and 4 miles west from Holdrege

[Curb 2,345 feet above sea level]

Thick- Depth
ness
(leot) | (fee)
Pleistocene: . .
Clay and silt, lower 15 feet sandy, chiefly Peorian 50 50
Sand, clean, fine to coarse (Grand Island) . oo o 100 150
Gravel clean, in part sandy, granitic, with pebbles about 5 inches in maximum
dlameter lower part coarser texture (Grand Island) ... ______________ 20 170
8ilt and clay, yellowish gray, sandy (Fullerton) . . ..o o oo 20 190
Silt, sandy, like bed above, more sandy in lower part to clean sand at bottom, fine
to medium texture, noncaleareous (Fullerton) . ... ..o oo 10 200
Gravel and sand, coarser and finer materials interlayered; finer layers contain some
Derti white silt rock ﬁour, some coarse gravel, granitic minerals (Holdrege) - -cccccaceac 71 271
ertiary:
Sand, gray, fine, compact, silty matrix, harder and softer zones, some zones of
- coarser texture but all relatively fine; some zones slightly calcareous.....-.._..... 99 370
Sand, light gray, clean, quartz, medium to fine texture; some calcareous silt; lower
10 feet contains reworked clay from shale below . _ _ . . ... 30 400
Cretaceous:
Pierre Shale . . oo e mmaae 370 770
Niobrara shale (entered).

The beds recorded in this log are essentially duplicated under the
city of Holdrege, except that the Holdrege formation is somewhat
thinner. The Fullerton formation has not been reported by most
drillers in the buried Holdrege basin, and so in many well logs the
Grand Island sand and gravel seem to lie on Holdrege sand and
gravel and no exact differentiation is possible. A typical log that
illustrates these points is given below:

Log of well at Ragan, in northeastern Harlan County

Thick
Depth

ness
(feet) (feet)

Clay; grades downward into sandy clay with thin streak of gravel at the bottom

(Peorian and Loveland) o oo e eecaen 70 70
Clay, gray to black, tough, sticky (Upland?) .....o__..._.. 15 85
Upper 140 feet mostly fine sand, some clay; lower 40 feet coarse gmvel total thickness

unknown (Grand Island and Fu]lernon?). 180 265

In the immediate vicinity of Hastings the depth to Niobrara shale
is said to be from 240 to 260 feet. The Fullerton formation has been
rather poorly differentiated between depths of 98 to 130 feet. It
seems to have been nearly all removed by erosion prior to the Grand
Island sedimentation. At least it has not been reported in many of
the wells.
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Log of one of the Hastings city wells
[Surface altitude 1,937 feet; water level at a depth of 100 to 110 feet]

Thick-
Depth
(’ggj,f) (feet)

Soiland elay- o« oo 4 4
Yellow clay (Peorian) . . oo eoane 22 26
8and, fine (probably upper part of Grand Island) . 23 49
Sand, mostly fine but coarser downward, with some gravel above the “clay and sand’

at the bottom (Grand Island and probably Fullerton in the lJower part)_............_ 75 124
Gravel and coarse sand, from pea size to 1% inches (Holdrege?) .- .o coceoomoooceemaenas 105 229

Two wells were sunk in 1929 by the Kelly Well Co., of Grand Island,
near Kearney. The log of one of these wells is as follows:

Log of well near Kearney

Thick-
ness | Vepih
(footy | (feet)
Clay (soil and Peorian) 17 17
Red-brown clay (Loveland)_.__.__. 7 24
8and and clay (probably Loveland) 32 56
Clay, yellowish, hard (Upland?).... 17 73
8and, yellow and fine, 4 feet (Grand Island).. -l
Sand, coarse, 21 feet (Grand Island) ___ .. mcmeen 25 98
Sand, coarse, and clay balls (Fullerton) ... .o emeccaccecccaanan 11 109
Sand and gravel, coarse to fine sand; some thin silt and clay partings near the middle
(HOMATO8E) - o o o oo e aa e nm 71 180

Darton 2 reported a log of a deep test for oil and gas at Hastings,
which gives “alluvial soil and clay” 100 feet thick, an upper ‘“‘gravel
and sand, full of water”, 60 feet thick, and a lower ‘“‘gravel and sand,
full of water”, 60 feet thick. The two layers of sand and gravel are
said to be separated by a 4-foot bed of “clay with boulders; very
hard.” Pierre shale was encountered below the lower sand and gravel.
The 4-foot clay bed is probably the Fullerton.

Clay Center, in Clay County, is near the northeast side of the buried
Hastings basin, but it is underlain by a fairly complete section. A
composite section from several wells and test holes in and near Clay
Center is given below:

Pleistocene deposits near Clay Center

Feet

Yellowish clay (Peorian) .. oo o 23
Clay and quicksand (Loveland and in part may be Grand

Island) - o oo 47

Sand and gravel (Grand Island)._ .. _________ 34

Clay, yellowish and bluish (Fullerton)___ .. - oo - 15-20
Sand and gravel, in part ‘rice” gravel, coarser toward

bottom (Holdrege) - . .o - oo cccam—e e 40-60

2 Darton, N. H., Underground waters of a portion of southeastern Nebraska: Geol. Survey Water-
Supply Pavper 12, p. 38, 1898.
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The lower gravel may be thicker than 60 feet, but the section is
known only to depths of 165 to 180 feet. Water stands at depths of
60 to 70 feet, and the surface altitude is 1,760 to 1,780 feet above sea
level.

The town of Blue Hill, in northern Webster County, is near the
southwest side of the Hastings basin. Shale of the Niobrara formation
has been encountered in the southern part of the town at a depth of
less than 100 feet, with little or no water-bearing gravel or sand
between the loess and the shale. The following is a log of a well
196 feet deep drilled at the north edge of the town:

Log of well at Blue Hill, Webster County

Thickness Depth
(feet) (feet)
Soil and clay (Peorian, Loveland, Upland) . . ... ... 100 100
Sand and gravel, water-bearing (Grand Island) 12 112
Clay, silty, some fine sand (Fullerton) ... ... 60 172
(S}gafel, coarse, some sand (Foldrege) .- - oo dameaces 24 196
ale.

The town of Carleton, in northern Thayer County, stands over a.
buried outlet valley which has determined the trend of the present
Little Blue River. This valley is filled with materials of the fluviatile
formations, which appear to be connected with the deposits in both
the Hastings and Aurora buried basins. Peorian loess, Loveland
loess, and 15 to 20 feet of the upper part of the Grand Island formation
crop out at numerous places in the Little Blue River Valley near

Carleton.
Log of well at Carleion, Thayer County

Thick-
Depth
ness
(feet) | (fee®

Soil and elay, Peorian .. ... .o e e 30 30
Sand and gravel, upper 9 feet fine to medium texture, lower 15 feet coarse and water-

bearing (Grand ISIand) - ... e emmccmcmee 24 54
Clay (FUllertOn) - oo oo o e m e mmne 15 69-
Sand and gravel, upper 8 feet fine to medium sand, lower part coarse (Holdrege)....... 22 91

The drill did not go entirely through the lower sand and gravel,
so it may be much thicker. It is known to be at least 42 feet thick
at Davenport, about 7 miles west of Carleton.

The Holdrege formation is more distinctly separated from the
Grand Island formation by Fullerton clay in the buried Aurora basin
than it is anywhere else, so far asknown. (Seefig.7.) The separating
Fullerton formation has been more generally recognized in this area
than elsewhere, probably because it is here a purer, harder, and

121343—38——4
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darker clay. This may be in part due to the proximity of the Nebras-
kan till exposed during the deposition of the Fullerton formation.

Log of one of the city wells in Aurora, Hamilion County

[Surface altitude 1,782 feet; water level at depth of 54 feet]

Thick-
Depth
(lflggg’) (feot)

Soil, black. . e —————— 4 4
Clay, yellow (Peorian) ..._....._ 17 21
Clay, brownish to reddish (Loveland)___._____.___..__.... 10 31
Clay and fine sand (Loveland; may be Grand Island in part) 14 45
Sand, white (Grand Island) _............_.... 17 62
Gravel and fine sand (Grand Island) - - ... _..._...__.__ ——— 10 72
Sand and gravel, fine to coarse (Grand Island) 41 113
Clay, bluish and tough (Fullerton) .caemveeeeccoevaececaena-s - 18 131
Gravel and sand (Holdrege) - ..o 44 175

The lower gravel is known to be as much as 119 feet thick, and the
bedrock has been encountered at a depth of about 250 feet.

The town well at Phillips, about 11 miles west of Aurora, penetrated
a similar section, but the Grand Island and Holdrege formations were
both found to be much thinner than shown above. Impervious clay
or hardpan (Fullerton) 15 to 20, feet thick was noted by the driller.
The Holdrege and Fullerton and the lower part of the Grand Island
underlie the tableland at and near Phillips and extend thence con-
tinuously under the Platte River southeast of Grand Island. (See
figs. 6 and 7.) At York, east of Aurora, the town water supply is
obtained from an upper and a lower bed of sand and gravel, separated
by a clay bed (Fullerton).

West of the Big Blue River at Seward, just west of the till border,
the Holdrege sand and gravel are reported to be 55 feet thick, the
Fullerton bed of clean bluish clay is 15 feet thick, and the Grand
Island sand and gravel are 20 feet or more thick. The overlying
loess material is 40 feet thick.

A test well for oil and gas, drilled near Polk, in Polk County, in
the NE¥ sec. 32, T. 13 N., R. 4 W, penetrated the following beds:

Log of well near Polk

Thick-
Depth
(?;Sf) (fest)

TLoess, clay; some very fine sand with clay in lower part (includes Loveland and Up-

Tand formations) oo o oo e 66 66
Band, mostly fine (Grand Island)._... - 80 146
Clay, with some very fine sand (Fullerton) - 50 196
Sand, fine (Holdrege, 75 271
Bedrock shale. —— 829 1,100
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The artesian water in the Beaver Crossing area, in southwestern
Seward County, is believed to come from the Holdrege formation, the
lower water-bearing sand and gravel, which here lie on impervious
Cretaceous shale (Carlile). C. A. Aldrich, well driller at Fullerton,
drilled a number of artesian wells in the Beaver Crossing area about
1900. He became very much interested in the lower gravel and the
overlying clay of the Fullerton formation. Later Mr. Aldrich had
opportunity to drill many wells in the Aurora basin area and fully
satisfied himself that the lower gravel and the confining Fullerton bed
were continuous formations, and that he had succeeded in tracing
these formations as well as the overlying “upper water sand’” through-
out the basin to and across the Platte Valley between Silver Creek

and Central City.
FULLERTON FORMATION

The Fullerton formation is described in the type section at Lovers
Leap, near Fullerton (p. 31). It is a widespread and more or less
-continuous sheetlike deposit of dark calcareous silt and clay, in places
rather sandy, which ranges in thickness from a knife edge to about
65 feet. The average thickness is between 20 and 35 feet. The dis-
continuity of the Fullerton formation is largely due to general erosion
after its deposition. It extends over about the same area as the
Holdrege formation and is known to be exposed at the surface only
in the northern part of the State and at Fullerton. (See pl. 1, B, and
fig. 6.)

The Fullerton formation is thought to have been formed during the
Aftonian interglacial stage, when sedimentation was limited to fine
material. It may be in part an old loess with some eolian sand. It
separates the Holdrege gravel and sand from the upper or Grand
Island gravel and sand. It evidently represents a time when the com-
petency of the streams carrying sediments from the west and north-
west was low, in contrast to the competency required for the trans-
portation of the material of the Holdrege and Grand Island formations.
1t may represent a quiescent time between the two glaciations, when
gumbotil was slowly forming at the top of the Nebraskan till plain,
to the east. It is apparently conformable on the Holdrege formation
but is unconformable under the Grand Island formation.

The greatest thicknesses of this formation occur at points near which
exposures of bedrock shale or of glacial boulder clay were important
local sources of material during the accumulation of the formation
and where conditions may otherwise have been favorable for the
accumulation of great thicknesses of this material. This is the case
at many points in the Aurora basin, as at Polk, in Polk County (see
p. 42), and in eastern Fillmore County. (See also log of Chapman
test for oil, p. 69.)
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The Fullerton formation is known to have buried peat beds and
trees on its upper surface at some places. Several red-cedar trees and
other logs were found in a deep gravel pit a short distance east of
Central City (pl. 1, A). Two red-cedar trees, one 23 feet tall and 3
feet 7 inches in circumference above the base, were found still standing
vertically and rooted in Fullerton clay, only about 5 feet thick, and
buried in more than 35 feet of the sand and gravel of the overlying
Grand Island formation. The several deposits are believed to be in
place, with only a thin mantle of recent reworked alluvium over the
sand and gravel exposed in the pit. A test drilling established the
sequence of the formations, and Holdrege gravel 25 feet thick was.
encountered below Fullerton clay. The gravel rests on the Niobrara.
formation at a depth of 65 feet. A log of this test hole (35) is given
on page 68. In general, the wood of the fossil trees is well preserved.
but very hard when dry. The outer portions are usually deeply checked
and blackened from decomposition. An elm log appeared to be slightly
mineralized; at least there is some hard mineral matter in the wood.
to a depth of 2 or 3 inches from the outer surface.

Peat deposits have also been found on Fullerton clay in gravel pits.
northwest of Central City. At a place 3 miles north and 1% miles
east from Archer, in the SW¥ sec. 3, T. 14 N., R. 7 W., a 10-foot bed
of peat was encountered lying on the Fullerton formation under about
30 feet of the sand and gravel of the Grand Island formation. Fossil
snail shells are said to have been collected from Fullerton clay in a
well on a nearby farm, but they were not preserved for study.

The ball joint, a portion of the femur, and fragments of other bones.
of mastodon or mammoth, highly mineralized, were collected from
the gravel in which the trees described above were buried. The frag--
ments had probably been broken in the gravel pump. Mammoth
and mastodon teeth and bones are commonly found in the gravel pits.
in the Grand Island formation here and elsewhere in the Platte River
Valley. The species have not been determined, but they are of the
same general types as have been found in the sand and gravel pits
near the Republican River, on the plain between the Platte and
Republican Rivers, and in correlated deposits in the northern and
northeastern parts of the State.

GRAND ISLAND FORMATION

The upper sheet of alluvial sand and gravel, the Grand Island for-
mation, is believed to be similar in origin and mode of formation to:
the Holdrege. It is the inwash-outwash equivalent of the Kansan
till and the early Kansan or late Aftonian intertill sand and gravel
of eastern Nebraska. It has a maximum thickness of perhaps 150
feet and averages about 75 feet. The upper 30 to 50 feet is usually
fine sand that may have been deposited in part by the wind. The
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lower part of the formation contains coarser sand and gravel and is
clearly a stream deposit.

The Grand Island formation has about the same areal distribution
as the Holdrege but is more continuous. It extends apparently un-
brokenly under the plains of southern Nebraska to the Platte River
Valley, and the lower part of the formation apparently extends under
the valley. The formation is exposed along the Platte River Valley,
the Republican River Valley, and other valleys and in scores of gravel
pits. (See fig. 5.) It crops out in the bluff of the Platte Valley and
in tributary valleys and gullies on the south side almost continuously
from the city of Grand Island to Columbus. West of Grand Island
it is more or less obscured by the Peorian loess, but on the south side
of the valley from a point south of Shelton, west to a point south of
Elm Creek, the outcrop belt of the Grand Island formation is wide,
and the fine sand of the upper 20 to 40 feet of the formation has been
reworked by Recent wind action into sand hills or small dunes.
These Recent dunes cover an area of about 90 square miles and form
2 conspicuous feature of the landscape. (See fig. 2.) Likewise, the
sand of the conspicuous sand hills between the Platte River and the
Loup River in Hall, Howard, Merrick, Nance, and Platte Counties
(see fig. 2) has largely been derived from the upper part of the Grand
Island formation.

There is another small area of sand hills in the Platte River Valley
along the south bluff and northeast of Osceola in Polk County. From
50 to 60 feet of the Grand Island formation, here mostly fine sand, is
more or less continuously exposed under the clay and loess formations
in the bluff down to the present flood plain of the river. The small
dunes are on the outerop area of the Grand Island formation, and the
relationship of the dunes to the sand in place is more evident here than
at any other point.

The Grand Island formation is described in sections recorded in
preceding parts of this report. The type section for the formation is
in the Platte River bluff east of the Hamilton Bridge, southeast of
Grand Island. This formation, like the underlying Fullerton and
Holdrege formations, extends continuously from the valley eastward
and southward under the loess plains. A composite section for the
vicinity southeast of Grand Island is given below. The upper part is
exposed in the bluff along the east-west highway east of the Hamilton
Bridge, and the lower part is taken from logs of test wells in the valley.
(See fig. 6.)
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Pleistocene deposits southeast of Grand Island

Feet
Loess, yellow silty clay (Peorian) ..o coeeeee 18-22
Red loess clay and sandy clay, with old soil at the top in

some places (Loveland) . .- - .. o ____. 8-13
A few inches of dark soil at the top; otherwise gray or gray-

ish-green sandy clay, bentonitic, lower part sandier;

contains an abundance of small fossil gastropods (Up-

land) oo e 3%—4
Fine sand, buff to pinkish gray; lower 10 feet contains some

scattered pebbles (Grand Island) - ... .. ______. 26-27
Nore.—This point is at the flood-plain level. The re-

mainder of the log is from test wells.

Sand, buff, fine and coarse, with some gravel (Grand Is-

Yond) oo e a9
Sand and gravel, gray, coarse; many pebbles half an inch

in diameter (Grand Island) - _ _. . _____ 6
Sand and gravel, coarse and fine; some clay balls of pebble

size (Grand Island) .. __ . ________ 2
Sand, coarse to fine, and a little gravel, coarser in lower

pary (Grand Island) ... . e 5-
Clay and quicksand; upper 3 feet very tough, gray (Fuller-

On) - e 22
Sand and gravel, with some clay (Fullerton) . ._.________ 4
Clay and quicksand, gray and hard (Fullerton)___._____ - 5
Sand and gravel, layered granitic material, contains pale-

greenish and light-buff grains, some fine sand, and rock

flour, lower 14 feet somewhat finer (Holdrege) ... ....._ 29
Sand, medium to fine (Holdrege). - - oo .. 1
Gravel, coarse (Holdrege) - . - oo 4
Clay and silt, fine, gray (Holdrege) - - - v -ccoemomooooo 1
Gravel, very coarse, much coarse and medium clear quartz

sand, bluish in bulk (Holdrege) - - oo ______ 5
Sand, buff gray, greenish grains and also much clear quartz,

fine sand and silt (Holdrege) . - _ - - o oo 1%
Clay, greenish gray, with thin layers of sand and gravel;

clay reworked Niobrara shale (Holdrege) ... . __.____ 5%
Gravel and sand, coarse, with some medium and fine sand

and much clay reworked from the Niobrara shale

(Holdrege) o oo o oo oo e 9
Shale; upper 1 foot weathered yellowish brown, hard, and

soft bluish-gray shale (Niobrara) - ..o oo oo 17

An exposure in the bluff in the NWY sec. 13, T. 12 N, R. 7 W.,.
about 8% miles west and a quarter of a mile north from Marquette,.
is typical:
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Pleistocene deposits west of Marquette, Hamilton County

Feet
Loess (Peorian) - - . _ e 20-40
Soil, black to brownish (Loveland) ... oo .. ____ 4
Red sandy clay (Loveland) . - - . - oo 7-8
Grayish-green sandy clay (Upland) - - o ceoee oo 3-4

Sand and gravel, fine yellowish and gray sand (somewhat
reworked into very small dunes at the base of the bluff)  35-40

A section essentially the same as the type section at Grand Island
has been studied in the bluff and in the valley southeast of Central
City. The exposures are more or less covered, but the beds can be
identified with ease. A composite section is as follows:

Pleistocene deposits near and southeast of Central City

Feet

Loess, yellowish-gray silt and elay (Peorian) . ____________ 23-27
Loess, 3 to 4 feet of dark soil at the top, red sandy clay

(Loveland) - _ - - e 12-16

Clay, gray with greenish tint when wet, hard, compact; lower
part sandy; upper 1 foot darker, suggestive of old soil
(Upland) - - - o e 0-5
Sand, fine, yellowish gray, partly exposed (Grand Island)... 30-40
Nore.—The beds described above occur in the bluff; the
data below are from test wells near Central City.
Sand and gravel, coarse and fine, layered; good water gravel

below 4 feet of flood plain_ - . __ . _._.__ 30-43
Clay, bluish, soft, silty, sticky, carbonaceous with peat and

logs in places (Fullerton) . . __ . 4-10
Sand and gravel YHoldrege) - - - - - - - o 20-25

Cretaceous shale at bottom (Niobrara).

A typical exposure of the Grand Island occurs in a sand and gravel
pit about 8 miles south of Hastings, Adams County, along the east
side of the highway in the SWY sec. 24, T. 6 N., R. 10 W. (pl. 3, B).

Pleistocene deposits south of Hastings

Sandy red loess clay (Loveland) . __ ... __________ 10-12
Clay, greenish gray; weathers to a buff-brown tint; uneven

contact with the Loveland above, but even contact with

the gravel below (Upland) - oo _____ 3-4
Sand and gravel, cross-bedded and stratified, coarse and fine;

this is the first water sand of the drillers of this part of the

State; water at the base of the exposure (Grand Island)__ 22

The thickness of the Grand Island formation exposed in the Tanner
pit, across the road to the west, ranges from 25 to 30 feet. There
Grand Island gravel rests on a bluish-gray tough clay (Fullerton?)
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2 to 6 feet thick, and this clay bed is underlain by at least 15 feet of
coarse sand and gravel (Holdrege?).

The Grand Island and overlying formations are typically exposed
in the bluff and banks of the Little Blue River near the northwest
corner of sec. 35, T. 6 N., R. 10 W, on the grounds of the Knights of
Pythias Golf Club, about 1% miles southwest of the pit described
above. This section is almost identical with the sections, previously
described, along the southeast bluff of the Platte Valley between
‘Grand Island and Columbus. The Little Blue River Valley section
is as follows:

Pleistocene deposits on the Litile Blue River south of Hastings

Feet

Buff loess (Peorian) ___ _ - e 5-15

Soil, dark brownish (Loveland)_. ... .. . ._..___ 3-4
Loess clay; lower half very sandy with some gravel; uneven

erosional contacts with both the Peorian and the Loveland. 20
Clay, typical, gray green; weathers yellowish; only erosional

remnants exposed here_ . ___________________________._ 5-10
Sand and gravel, fine above with more gravel in the lower
part, the same as along the Platte Valley; a strong flow
of spring water is discharged from the formation in this
vicinity at the base of the section, the water level in the

Little Blue River (Grand Island) - ... __._. 30-40

There are many similar exposures along the Little Blue River ‘and
its tributaries in this part of the State. One exposure, about 8} miles
west of Fairfield, in the NEY sec. 6, T. 5 N., R. 8 W., in southern
Clay County, shows 3 to 12 feet of Loveland, 1 to 6% feet of Upland
clay, and 2 feet of black gravelly, sandy, “mucky” soil (?) on the
Grand Island sand and gravel. This is the only place so far known
in Nebraska where anything like an old soil or swamp muck occurs
between the Grand Island and Upland formations.

There is a good exposure about 1 mile north of Cowles, Webster
County, where 15 to 20 feet of Peorian loess rests unconformably on
28 feet of Loveland loess clay. The upper 3 feet is an old black Love-
land soil. From 27 to 30 feet of typical Grand Island sand and gravel
is exposed in the bank under the Loveland and above the water level
in Elm Creek. The lower contact of the Loveland is uneven on the
Grand Island, with the Upland formation absent. The Upland is
usually not present in exposures near the Republican River, as it
appears to have been removed by erosion prior to Loveland time.

A large exposure at the Thompson gravel pit, just south of Cowles
(pl. 3, A), supplements the exposure described above. Here the
Peorian loess is as much as 10 feet thick, and the Loveland about 14
feet thick, over about 65 feet of sand and gravel, exposed above the
water level. The gravel contains well-worn and rounded pebbles 2
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to 3 inches in diameter and clay balls 4 to 5 inches in diameter.
The gravel and sand are known to extend down to at least 55 feet
below the water level in the pit, making a total thickness of 120 feet
of sand and gravel, and at this depth bedrock had not been reached.
No Fullerton has so far been noted here, and that formation, like
the Upland, seems to be absent near the Republican Valley.

A gravel pit about 7 miles north and 2 miles west from Riverton,
in southeastern Franklin County, in the NEJ sec. 32, T. 3 N., R.
13 W., has exposed thick sand and gravel, apparently of the Grand
Island formation. A section is given below:

Pleisiocene deposits northwest of Riverton
Feet
Loess oceurs in the vicinity but none at the exposure (Peo-

rian).
Red loess clay and sandy clay (Loveland) . - .- ... __.__ 8-10
Grayish-green sandy clay; has 6-inch ferruginous zone below

at the contact with the sand and gravel (Upland).....___ 5
Fine sand; grades downward into coarser materials (Grand

Island) - oo o e 10-12

Sand and gravel, coarse and fine; 35 feet exposed in the pit,
but the thickness is known to be at least 65 feet from a
well at the pit_ . oo- 65

This locality is near the southeast end of the buried Holdrege basin
and is in the line of major ground-water movement from the Platte
River to the Republican River. (See fig. 5.) Nearer the Republican
River in this part of the State, between Franklin and points as far
east as Superior, in southern Nuckolls County, the sheetlike fluviatile
sand and gravel formations break up into buried valley fills that de-
scend into the Republican River Valley between narrow ridges of bed-
rock. These are the outlet valleys referred to on page 29. Similar
outlet valleys from the Holdrege basin ocecur west of Franklin to
Medicine Creek near Cambridge, in northwestern Furnas County, but
are mostly of less importance.

The upper 10 to 20 feet of the Grand Island formation crops out
generally in many of the creek valleys in this part of the State,
especially along the West Branch of Thompson Creek in Franklin
County (pl. 5, B). The exposed material is fine sand at most places
and grades downward into coarser sand and gravel, as in outerops
along the Little Blue and Platte Rivers. A log of a well at Campbell,
in northeastern Franklin County, is given below. It appears that the
bedrock here is relatively high, and the Grand Island sand and gravel
seem to rest directly on the Pierre shale. The well is in the valley of
the Little Blue River at 1,997 feet above sea level, and the water level
is at a depth of 70 feet.
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Log of well at Campbell, Franklin County

Boil and dirt fill._ ——- 4 4
Buff loess, in place (Peorian). ... __._._.__________._____.____ 47 51
‘Clay, pinkish, with secondary calcareous concretions (Loveland) 36 87
Clay, grayish, hard, silty and sandy (Upland) ...« coooeeaooae 25 112
Band, fine gray, much clay, some pebbles (Grand Island) 6 118
Sand and gravel, medium coarse (Grand Xsland) .- - - - o e 6 124
Band and gravel, coarse with much “pea gravel”’, some pebbles 1 to 2 inches diameter

(Grand Island) ... ... _____.__o.__ - 27 151

A log of a well at Prosser, in northern Adams County, about 27
miles northeast of Campbell and about 3 miles southeast of the
Platte Valley bluff, at the northwest end of the buried Hastings
Basin, illustrates the fine texture of much of the Grand Island formation.

Log of well at Prosser, Adams County

Thick- | Depth
ness (feet)| (feet)

Loess clay, very silty and in part sand (Peorian) . _ ..o cecas 30 30
‘Clay with black gumbo soil at the top; lower 42 feet very sandy clay (Loveland)....... 60 90
‘Clay, with concretions (Upland?) - .. . emimeamiammee 3 93
Sand, “quicksand” (Grand Island); this also crops out along the Platte River Valley and

at many other places.__._....________.. e o mmm e 40 133
Gravel, pink to reddish (Grand ISIand) ... e ———— 6 139
‘Band and gravel (Grand Island)._. e e e —mmmm————————— 24 163

Test wells farther north and also in the Platte River Valley indicate
that the Fullerton formation, about 20 to 30 feet thick, probably lies
below the lowest gravel of the Prosser log, also that the Holdrege
formation, probably about 30 to 35 feet thick, is below the Fullerton.

The logs of two test wells are given below. They are located over
the buried Holdrege basin, and the upper parts of these logs are very
similar to the log at Prosser, just given. However, the lower forma-
tions, Fullerton and Holdrege, do not seem to be present. This is in
contrast with the log of the Trees deep test for oil and gas (p. 39),
which is only a few miles to the west. The Tertiary in the wells
reported below was encountered at nearly the same depth (180 to
190 feet) as the Fullerton (170 feet) in the Trees test. These logs
appear accurate, and all the materials were examined by the writer.
These facts indicate a relief on the buried Tertiary surface of about
100 feet in a distance of only about 10 or 12 miles. The first location
is 3 miles west and 2 miles south from Axtell, in western Kearney
County, in sec. 31, T. 6 N., R. 16 W., where the surface altitude is
about 2,250 feet.
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Log of well southwest of Axtell

Thick- | Depth
ness (feet)| (feet)

Loess, buff clay (Peorian) . o oo oo e e mm e 21 21
Sand, fine and dry, some clay (Loveland and Up]and? formations) ..o oo __ 63 84
Sand fine, brownish, some hard clay (Upland?)..._. - 32 116
Sand and gravel, mostly sand (Grand Island). 11 127
Sand and gravel; grades downward into coarse gravel (Grand Island). oo 63 190

Fine sand and calcareous grit, whitish and “mortarlike” (Tertiary)-o--.-oococeocconeas 90 280
‘Cretaceous shale, weathered (Pierre).

The second location is 1 mile east of Sacramento, in southeastern
Phelps County, in the northeast corner of sec. 17, T. 5 N,, R. 17 W.,
where the surface altitude is 2,268 feet.

Log of well east of Sacramento

Thick-
ness
(feet) (feet)

Loess, buff clay (Peorian) - - .o e ecccecm—amm—a 20 20
<Clay, reddxsh silty (Loveland) - e . 40 60
Sand and clay, reddish; some coarse sand near bottom (Loveland). 20 80
Clay with much silt and some fine sand, greenish gray (Upland).. 18 88
8and, dark gray, fine and silty (Grand Island)_ ... ... _________ 22 110
‘Gravel and sand, coarse to fine, buff pinkish (Grand Island) 50 160
Gravel and sand, like bed above but contains white caleareous “gritty’’ material To-

worked from the Tertiary below (Grand Island) - .. e 10 170
“Grit, Tertiary; fine sand cemented with caleium carbonate. ... oo coeooooo 40 210

The west or southwest limit of the buried Holdrege basin would
apparently be marked by a straight line extending from the vicinity
of Cambridge, in the Republican Valley, to the North Platte River,
in the Platte Valley. The fine sand of the Grand Island formation
lies in contact with the Tertiary bedrock by overlap along the south-
‘west side of the basin, and the overlying loesses, principally the Love-
land and Peorian, increase greatly in thickness in this part of the State
and westward for some distance, where the Tertiary formations crop
out high enough to form hard high plains and tablelands.

The fine sand of the upper part of the Grand Island formation and
of the Upland formation also extends eastward over the edge of the
Kansan till. The continuity of the lower part of the Grand Island
formation with the intertill deposits (early Kansan or Aftonian) of
the glaciated area is described on pages 23-24.

The Grand Island formation is probably the thickest and the most
widespread of all the fluviatile formations. Because it crops out at so
many places, it is the best known, has yielded the most vertebrate
fossils, and has furnished the greatest amount of sand and gravel for
road building and construction.

UPLAND FORMATION

The Upland formation consists of greenish-gray clay and fine
greenish sand. It is believed to have had about the same mode of
origin as the Fullerton formation. It was deposited during the
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quiescent interglacial stage that followed the Kansan glaciation.
The Upland formation is believed to be of Yarmouth age and con-
temporaneous with the weathering of the upper part of the Kansan
till into gumbotil. It ranges in thickness from a knife edge to proba-
bly 35 feet but is generally not thicker than 5 to 12 feet. It is rather
widely distributed throughout southern and southeastern Nebraska,
west of the till border. The Upland seems to be conformable on the
Grand Island sand and gravel, but it was greatly eroded prior to
Loveland time. It is discontinuous and more or less patchy as a
result of this late Yarmouth or later pre-Loveland erosion. There
are many outcrops of this formation, but superficial weathering in
2 or 3 years changes its characteristic greenish-gray color to buff-
yellowish. In this way it quickly becomes indistinguishable in
roadside banks.

For example, an exposure of the Upland formation 4 miles north
and 3} miles west from Superior, in Nuckolls County, was fresh and
greenish gray when first seen in 1930, but shortly afterward it had
been weathered to grayish yellow. The Upland is very limy or cal-
careous, almost a marl or “limy grit”’, at a few places, as 6 miles west
of Riverton, Franklin County. Here it contains knobby masses of
very sandy calcareous concretions, almost exactly like similar bodies
in certain parts of the Ogallala (late Tertiary) formation. This
marly development is a result of weathering and ground-water action.
Remnants of an old black soil 6 to 8 inches thick are found at the top
of the bed in many outcrops, and the old soil, thin as it is, has been
identified in test drillings.

The formation takes its name from one of its finest outerops along
the West Branch of Thompson Creek, about 2} miles west of the
town of Upland, in Franklin County. (See pl. 4.) The section is as
follows:

Pleistocene deposits west of Upland, Frankiin County
Fest

Buff dense sand, with uneven contact on the Loveland (Peorian
loess occurs between the Loveland and the dune sand in near-

by outerops) - _ e 4
Red, very sandy loess clay and silt (Loveland). Irregular ero-
sional contact with the underlying Upland formation.__.____ 31

Greenish silty sandy clay; 8-inch dark soil zone at top; below
the soil 1% feet of tough greenish-gray sandy clay; lower 3
feet more sandy but hard (Upland). Apparently conforma-
ble op sand below. Eastward jalong the exposure the forma-
tion becomes thicker and more uniformly compact, hard,

slightly sandy elay. . ... 5-7
Fine to medium sand, clean, buff to gray, cross-bedded; few
pebbles; only the top exposed (Grand Island) - ... . __.___ 2-5

The Upland formation is described in several sections in foregoing
parts of this report. It has been found in outcrops and wells in many
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places on the plain between the Platte and Republican Rivers in the
area under investigation, in an almost equally large area extending
eastward to the till border, and in the loess-hill area north of the
Platte River and west of the till margin. It has also been observed
to lie on probable Tertiary materials in the loess-hill area, west of
the buried Hastings Basin, and south of the Republican River in
Furnas County.

The clay of this formation contains an abundance of small gastro-
pod shells in some places, but it is not everywhere fossiliferous. One
-of the best fossiliferous outcrops is east of Hamilton Bridge, near
Grand Island. Apparently the fossiliferous outcrops represent the
Jocations of perennial fresh-water ponds or lakes in which the material
accumulated. The clay is very fossiliferous in an area north of the
Loup River, north and northeast of St. Paul, in Howard County.
At a point about 6% miles north of St. Paul, on the main highway,
the Loveland lies unconformably on 3 to 5 feet of typical greenish-
gray sandy clay of the Upland formation, which grades downward
into gray and greenish-yellow fine sand, probably the upper part of
the Grand Island formation. The clay contains an abundance of
fossil gastropods like those at Grand Island, with a few additional
species.

POST-YARMOUTH FORMATIONS, CHIEFLY WIND-BLOWN SAND AND LOESS

The earlier Pleistocene formations that are deseribed in the pre-
ceding pages are chiefly of fluviatile origin, whereas the later Pleis-
tocene formations consist chiefly of wind-blown sand and loess.
‘These eolian deposits extend over more than 62,000 square miles in
Nebraska and attain great thicknesses in much of the area. They
are separated from the fluviatile formations by a great and widespread
unconformity.

LOVELAND LOESS

The Loveland loess consists of two fairly distinet but intergrading
phases. The lower and older part, constituting the so-called valley
phase, consists chiefly of poorly sorted sand and gravel with much
clay and some volcanic ash. The overlying upland phase consists
more largely of wind-blown loess.

The first recognition of the Loveland loess as a distinct material,
different from the overlying Peorian loess, was reported by Aughey *
in 1880. Udden * also recognized the Loveland as a distinct ma-
terial and referred to it as “‘gumbo or red clay.” Shimek  described
the formation in detail and applied the name “Loveland’” in 1909.
He said:

22 Aughey, Samuel, Physical geography and geology of Nebraska, pp. 260-263, Omaha, 1880.

2 Udden, J. A., Geology of Pottawattomie County: Iowa Geol. Survey, vol. 11, pp. 255-258, 1901.
4 Shimek, B., Geology of Harrison and Monona Counties: Iowa Geol. Survey, vol. 20, pp. 371-375, 1910,
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The name “Loveland” was proposed by the writer for a formation consisting
of heavy clay resembling the drift joint-clays. It was named from Loveland
(Iowa), a station on the Chicago & Northwestern Railway located a short dis-
tance south of the Harrison County line, where the type section well displays
the formation.

The deposition of the Pleistocene fluviatile formations of the Platte
River Valley was followed by extensive erosion and deep dissection.
Many valleys, like those of the Republican River and perhaps the
Big Blue and Little Blue Rivers, which had been more or less filled,.
were again partly cleaned out. The Loveland was then deposited
in the valleys, on the stream terraces.

At first the pre-Loveland valleys were partly filled with the sedi-
ments of their own streams and sediments derived locally from the
valley slopes. The valley phase of the Loveland in the glaciated
part of eastern Nebraska contains a heterogeneous mixture of sand,
gravel, and clay, mostly thought to have been reworked from more
or less local materials. It generally has the characteristic reddish
color of the Loveland, and it attains a thickness of at least 35 feet.

The valley phase of the Loveland west of the glaciated area is
usually made up of sand and clay. The sand is of fine to medium
texture and was to a large extent derived from the upper part of the
Grand Island formation. The very sandy valley phase of the Love-
land is typically represented in the exposure west of Upland described
on paze 52.

Calcareous concretions, locally called “boulders” by well drillers,
occur in the basal part of the Loveland formation in some places.
They are especially abundant and unusually hard in an area north
and northeast of St. Paul, east of Cushing, north of the Loup River,
and north of Palmer, in Nance County. Some of the concretions.
seen are more than 1 foot long and 6 to 8 inches in other dimensions,
and test drilling seems to incicate that some may be much larger.
They are nearly pure calcium carbonate. Many concretions have also
been observed in the Loveland exposed in the small canyons south of
the Platte River in Gosper, Dawson, and Lincoln Counties.

Volcanic ash or pumicite occurs at the base of the loess phase of the
Loveland very generally in Nebraska. At most places it is only 5 to
8 feet thick, but southwest of Eustis, in northeastern Frontier County,
the ash is locally at least 50 feet thick and of singular purity. The
volcanic ash in the Loveland formation seems to have been deposited
in small ponds or lakes, or perhaps in bayous along early Loveland
valleys. Very pure volcanic ash occurs near the base of the Loveland
within a mile of this section. ‘“Pumicite’” or “silica’” was formerly
quarried or mined at several localities about 4 miles west and 114 miles
north from Orleans.
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The valley phase of the Loveland seems everywhere to grade
imperceptibly upward into the upland phase of the formation. The
material grows less and less sandy until it is typical loess, consisting
of clay and silt in mechanical composition. The entire formation is
red. The upland phase of the Loveland differs from the younger buff
Peorian loess mainly in its reddish color, greater compactness, and
less permeability. '

The upland phase of the Loveland is about as widely distributed
over the State as the younger buff Peorian loess, covering about 42,000
square miles. Its thickness in eastern Nebraska, where it is fully
preserved, ranges in general from about 6 to 30 feet. It is 15 to 40
feet or more thick under the plains of the south-central part of the
State and is 135 feet thick at one point west of Kearney. It is
thought to be at least 100 feet thick in the vicinity of Ord, in Valley
County, and it is more than 100 feet thick south of Gothenburg,
Dawson County, and may be more than 150 feet thick in the area
north of the Loup River north of Palmer, in Nance County, but is
again much thinner a few miles west of this, north of St. Paul, Howard
County.

In general the present rolling topography of the loess-hill area, north
of the Flatte River Valley, reflects the pre-Peorian topography. The
excavation of deep road cuts through the present loess hills and ridges
Lias revealed buried tops of old hills of Loveland loess, with remnants
of Loveland soil near the center of some of the present hills. (See
rl. 5, A.) These old hilltops are in places very pointed, and the
slopes are steeper than present surface slopes. Some of the old
Lilltops project through the more recent loess on the present hillsides.
over considerable areas, where the contact of the red Loveland with
the overlying buff Peorian loess can be distinctly seen and easily
traced through plowed fields. This feature is especially striking in
the hills north of the Loup River in northeastern Howard County and
in Nance County.

A dark-gray to black soil as much as 4} feet thick, with a mature
soil profile, according to F. A. Hayes, of the United States Bureau of
Chemistry and Soils, was developed on the Loveland loess and is still
preserved intact over large areas in the State, especially west of the
glaciated area, and there are also many remnants where the formation
has been maturely dissected. The soil is noted in many of the sections.
recorded in preceding parts of this report. One of the best exposures.
of this old soil is in the southeast wall of the Platte River Valley
southeast of Chapman, Merrick County. Here the overlying Peorian
is about 30 feet thick. The soil of the Loveland is black and 3 to 4
feet thick, and at one place it is exposed continuously for at least half’
a mile. It is underlain by 8 to 10 feet of sandy Loveland loess clay,
below which is 4 to 5 feet of greenish-gray clay of the Upland formation



56 GEOLOGY AND GROUND WATER, SOUTH-CENTRAL NEBRASKA

resting on about 30 feet of exposed sand of the Grand Island formation.
About 65 feet of the Loveland is exposed in the Medicine Creek Valley
in northwestern Frontier County, 1% to 2 miles south of Maywood.
This exposure has 2% feet of old black soil still preserved on it, and
the soil is overlain by 90 to 100 feet of Peorian loess. Tertiary bedrock
is a few feet below the base of the Loveland exposure.

Kay * has shown that the Loveland loess (upland phase), or at least
the upper part of it, is younger than the formation of the Illinoian
gumbotil and definitely older than the Iowan till sheet. This is a
significant fact, for the Loveland, because of its characteristic color,
great thickness, and widespread continuity in this State, affords the
best datum horizon or time marker in the entire Pleistocene section
of Nebraska.

PRE-PEORIAN EROSION

The erosion that followed the formation of the thick Loveland soil
seems to have been the most vigorous so far noted and resulted in
fully as mature a topography and as deep dissection as now exists. It
is significant that the valleys formed at that time were generally not
alluviated prior to the deposition of the Peorian loess, as were the
valleys cut prior to the deposition of the Loveland loess. It seems
probable that general uplift had taken place, giving the streams
greater vigor than they had in the pre-Loveland erosion interval.

The writer knows of no evidence to show that the Platte River had
flowed across the glacial-till area, in its present course east of Colum-
bus, before post-Loveland time, unless the extensive sand and gravel
deposits in its valley from Columbus to the mouth are regarded as
belonging to the early Pleistocene fluviatile formations. Prior to
this erosion interval the Platte River had apparently drained away
toward the southeast through the now buried Holdrege or Hastings
basins or even through the Aurora basin (pp. 32-34).

The Loveland loess is found in place high in the Platte River Valley
‘bluffs resting on glacial till, from the vicinity of Columbus east to the
Missouri River. Its eroded edge is or has been covered with a thin
mantle of Peorian loess, which extends in most places from the upland
level down over the valley slope on to the flood plain. This condition
would seem to indicate that the lower part of the Platte River Valley
is of post-Loveland but pre-Peorian age. The cause of the postulated
.diversion of the Platte River is not fully known. After the lower
part of the valley was excavated it was filled to a considerable depth
with alluvial deposits, including much sand and gravel.

The Loveland loess with its thick old soil seems to have formed in
‘Sangamon time. Subsequently the Loveland constructional plain
‘was dissected to a mature or early mature topography, with a relief

% Kay, G. F., The relative ages of the Iowan and Illinoian drift sheets: Am. Jour. Sci., 5th ser., vol. 16,

DD. 497-518, December 1928; Loveland loess; post-Illinoian, pre-Iowan in age: Science, new ser., vol. 68, pp.
482-483, Nov. 16, 1928,
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at some places in eastern Nebraska of 150 feet. Itis inferred that this
erosion occurred before the Peorian loess was deposited, because this
later loess now mantles the erosional slopes in many places. If the
Peorian loess is post-Iowan and the Loveland loess is of Sangamon
age, then it apparently follows that the Iowan glacial stage is repre-
sented in Nebraska by a long period of erosion.

The facts that the thin mantle of Peorian and later loess deposits
has not been removed or even deeply dissected and that recent erosion
has not cut deeply into the underlying formations, except in very
favorable places, as near the larger rivers, give evidence of the slow-
ness of erosion and of the relative brevity of the time since the melting
of the last glacier of the Wisconsin stage. They also, by contrast,
indicate the vigor and longer duration of the erosion epoch preceding
the Peorian stage. The geology and problems of the Loveland loess
are treated at much greater length by the writer in another paper.?

PEORIAN AND YOUNGER LOESS

The Peorian loess is so well known and so widely distributed over
the upper Mississippi Valley States that it does not require a detailed
description here. The loess has been described or noted in nearly
every section given in preceding parts of this report. It forms an
almost unbroken mantle of buff to yellowish silt and clay over about
42,000 square miles in Nebraska. (See fig. 2.) It is now generally
accepted that this loess was deposited by the wind. In some places
the lower few feet of the loess is sandy and slightly bedded, suggesting
that some of the wind-blown material settled in ponds or small lakes.

The plain on the Loveland loess was deeply and maturely dissected
nearly everywhere, especially in the glaciated area of eastern Nebraska
and in the loess-hill area, as previously explained, before the Peorian
loess was deposited. In many places the Loveland was entirely
removed, and now the Peorian loess rests on the eroded surface of till.
In some places even the tills (Kansan and Nebraskan) were removed
and Peorian loess rests on the eroded bedrock. The Peorian loess,
being wind-blown, did not greatly affect the courses of earlier streams
but was spread like a blanket over the dissected surface, mantling
and obscuring all previously exposed formations. It filled many
small valleys but not the larger valleys. It spread over the slopes of
the Platte Valley, and some of the loess in the valley is believed by
the writer to be of Peorian age.

The Peorian loess is from 30 to 50 feet or more thick under the plains
of the south-central part of the State and reaches a thickness of 200
feet in places south of Gothenburg. It ranges from 30 to 250 feet
in thickness in the loess-hill area north of the Platte River.

Two well logs, which are given below, illustrate its great thickness
in the northwestern part of the area under investigation. The Elwood

% Lugn, A. L., The Pleistocene geology of Nebraska: Nebraska Geol. Survey Bull. 10, pp. 128-155, 1935,
121343—38——5
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well was drilled from a surface altitude of 2,659 feet above sea level,
and the water level in the well was reported 312 feet below the sur-
face. The well at Farnam was drilled from a surface altitude of 2,728
feet, and the water level in the well was reported 200 feet below the

surface.
Log of well at Flwood, Gosper County

Thick- Depth
(feet) (feet)

Yellowish-white silt and clay (Peorian) ... e 200 200

Clay, white, with some sand and hard lime concretions (Peorian?)-.... - 30 230

Clay and sand, red sand layered with red joint clay (Loveland?) . ....._ - 40 270

Clay, black and soft (Upland?) .- o e - 25 295

Clay, bluish. - e 5 300
aring gravel; coarse white sand and

gravel at the bottom (Grand Island?) oo oo 35 335

Log of well at Farnam, Dawson County

Thick-
ness. | Depth
(feet)

Yellowish-white silt and clay (Peorian) 185 185

Clay, whitish with “limy"’ concretions..... 10 195
Clay, with some sand . _ .. .. eans 5 200
Gravel, loose and fairly uniform, the size of corn grains or smaller; rests on clay at the

bottom of the Well e 20 220

The younger (post-Loveland) buff loess of Nebraska has always
been correlated with the Peorian loess of Towsa and Iilinois, but it has
long been recognized that loess of later age—Wisconsin and even
Recent—is probably included with the Peorian. Deposition of loess
and dune sand is believed to have been more or less continuous from
Peorian time to the present. Dust storms were particularly bad
in the spring of 1935 in parts of Nebraska and adjacent States. At
least one fairly thick dark soil is now known within the so-called
Peorian loess, and a distinctly younger, looser, and grayer silty loess
that may be of Wisconsin age is recognized over a large area around
North Platte. Traces of old soils, or at least carbonaceous streaks,
have been noted in the loess of eastern Nebraska, and what may
prove to be a younger loess has also been noted at some places in the
loess-hill area. This younger loess is illustrated by an exposure in a
road cut about 5 miles west of Merna:

Pleistocene deposits near Merna, Custer County

Loess, gray, silty, not very compaet; irregular erosional

contact with buff loess below_________________________ 6-10
Compact buff silty clay, typical of the Peorian loess of

eastern Nebraska; erosional contact below (Peorian)_._. 3-10
Loess, bright yellowish red, and ferruginous sandy clay

(Loveland) - _ e 1%
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West of this locality, in western Custer County, southern Logan
County, and northern Lincoln County, the younger gray or post-
Peorian loess appears to reach the rather surprising maximum thick-
ness of about 250 feet. The younger loess, more yellowish white than
gray, has been observed at several points south of the Platte River in
the bluffs southeast of North Platte and south of Cozad. The post-
Peorian (?) loess is 50 to 100 feet thick south of Cozad, and it rests on
a black soil with a true soil profile 3 feet thick. The old soil has been
developed on a yellowish-white (Peorian?) loess, of which about 100
feet is exposed at some places, above the red Loveland loess.

In general the Peorian formation becomes thicker and the loess
composing it becomes lighter in color and coarser in texture from east
to west. In some places north and northwest of the loess-covered
area is an extensive area of sand dunes. This sand-hill area is almost
entirely outside of the area under investigation. The loess grades
into the dune sand of the sand hills. The origin and history of the
Peorian and later loess deposits and the sources of the loess are dis-
cussed in greater detail by the writer in another paper.?

RELATTION OF THE SAND-HILL AREA TO THE AREA UNDER INVESTIGATION

In many places dune sand of the sand-hill area mantles older Pleis-
tocene deposits, which are more or less confined to Pleistocene valleys.
These valleys trended east or southeast. Like the North Platte
River Valley, they were feeders through which sand, gravel, and finer
material were transported from the High Plains to the south-central
and southeastern parts of Nebraska. The dune sand rests upon
Tertiary materials on the divides between the Pleistocene valleys.
The valley deposits appear to be more or less correlative with the
Pleistocene formations of the south-central part of the State. Such
correlation is suggested especially by outerops along the Middle Loup
River in southern Cherry County and in Hooker and Thomas Counties
and along the Dismal River in southern Hooker and Thomas Counties.

The dune sand and other Pleistocene deposits of the sand-hill area.
are underlain by Tertiary beds—mostly the Brule, Arikaree, and
Ogallala formations. The Tertiary deposits attain thicknesses of 50
to 200 feet in the eastern part of the area and 500 feet or more to the
west. The Ogallala and Arikaree materials are porous and perme-
able, and great quantities of ground water are stored in them, both in
areas where they are overlain by Pleistocene deposits and in areas.
where they are exposed.

The dune sand readily absorbs large quantities of rain water, which:
in many parts of the sand-hill area is stored in the permeable Pleis-
tocene and Tertiary formations. Much of this ground water perco-
lates to the scuthwest, following the general slope of the land until

# Lugn, A. L., The Pleistocene geology of Nebraska: Nebraska Geol. Survey Bull. 10, pp. 158-168, 1935..
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it is intercepted and is added to the flow of streams. The three Loup
Rivers and numerous creeks that discharge into the Platte River
Valley as far west as Garden County are fed by seepage from this
great ground-water reservoir.

The Tertiary formations west of the vicinity of Grand Island are
continuous beneath the area under investigation, and doubtless ground
water percolates through them from the sand-hill area and is dis-
charged into the Platte River Valley and under it southward and
southeastward as far even as the Republican River and its tributaries,
where the formations thin out and disappear. There is also ground-
water percolation through the overlying Pleistocene deposits in the
same general direction, but in the area north of the Platte River this
percolation is probably confined chiefly to buried Pleistocene valleys.

The total amount of ground-water percolation into the Platte
Valley and away from it has not been determined, but it is believed
that the amount of percolation through the Pleistocene deposits south
of the Platte River greatly exceeds that through the Tertiary materials,
because the Pleistocene deposits are in general considerably more
permeable than the older formations. On page 182 is given an esti-
mate of the amount of water that percolates southeastward out of the
Platte River Valley through the Pleistocene sand and gravel. There
is, of course, additional percolation through the underlying Tertiary
deposits.

The most abundant supplies of ground water in south-central
Nebraska are obtained from the Pleistocene sand and gravel deposits,
and only a few domestic wells draw water from the Tertiary formations.
However, it is probable that some of the ground water recovered from
the Pleistocene sand and gravel is derived from the Tertiary forma-
tions, because the water in the deposits is free to move from one
formation to another,

The degree to which the ground-water level in the Platte Valley
and in the rest of south-central Nebraska is sustained by underflow
from the sand-hill area is not known, but the geologic and hydrologic
conditions are such that this contribution by underflow must be
appreciable.

RELATION OF THE PLATTE RIVER VALLEY TO THE PLAIN TO THE SOUTH

The continuity and identity of the sand and gravel in the Platte
River Valley with the sand and gravel sheets under the plain to the
south is noted on page 36. Two geologic profile sections (pls. 6, 7),
based on well logs, show this relation in more detail.

A north-south geologic profile section across the buried Holdrege
basin from Elm Creek, in the Platte River Valley, to Alma, in the
Republican River Valley, is shown in plate 6. The section crosses
the northwestward-trending buried Holdrege basin diagonally. The
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Holdrege and Grand Island formations are both present and are
separated in some places by the Fullerton formation. The part of the
section in and adjacent to the Platte River Valley is based on test-well
logs, but the part extending southward across the plain is less accurate,
being based chiefly on logs supplied by well drillers. The approximate
position of the water table as obtained from reports by farmers is
shown on the section. Throughout most of the section the water
table stands near the base of the Grand Island formation, and there is
considerable unsaturated sand and gravel above it.

A north-south geologie profile section between Gibbon, in the Platte
River Valley, and Riverton, in the Republican River Valley, is shown
in plate 7. This section crosses the north end of the buried Hastings
basin and a part of the buried Holdrege basin. The bedrock divide
near the middle of the section is an erosion remnant ridge between the
Holdrege and Hastings basins. This ridge trends northwest and
intersects the section diagonally. (See fig. 5.) The ridge is not a
barrier to the percolation of ground water through the water-bearing
formations in the basins. The approximate position of the water table
as obtained by reports from farmers is shown on the section.

GENERAL GROUND-WATER CONDITIONS IN SOUTH-
CENTRAL NEBRASKA

By A. L. Luen and L. K. WENZEL

A detailed study of the ground-water conditions in the whole of
south-central Nebraska was not attempted as a part of this investiga-
tion. The detailed study was confined to the Platte River Valley
between Chapman and Gothenburg, where irrigation with water
pumped from wells is extensively practiced. However, records were
collected for about 1,000 wells on the upland plain of south-central
Nebraska, and considerable information on the ground-water condi-
tions of the area was obtained from them.

Abundant supplies of potable ground water are obtained in most
places in south-central Nebraska from the Pleistocene Grand Island
and Holdrege formations, which furnish almost all the municipal and
domestic wells of the area. Although in the central part of the area
the Pleistocene deposits are underlain by water-bearing Tertiary
formatious, it is not necessary in most places for wells to penetrate
to the Tertiary beds to obtain plentiful supplies. In the western part
of the area, however, where the Pleistocene sand and gravel are thin,
wells end in the Tertiary formations and obtain satisfactory supplies.
In a few isolated areas in south-central Nebraska the Cretaceous
shales are relatively high, and the water-bearing Pleistocene and
Tertiary formations are thin or absent. In such places, as near
Nelson, in Nuckolls County, only small and rather unreliable supplies
of water are obtained from wells.
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QUANTITY OF GROUND WATER

Large quantities of ground water occur in the Pleistocene sand and
gravel in the buried Holdrege, Hastings, and Aurora basins, and hence
abundant supplies are derived from wells in these areas. The sand
and gravel are more nearly filled with water in the buried Aurora basin
than in the Hastings and Holdrege basins. The sand and gravel in the
Holdrege basin are the least fully saturated, and at many places from
50 to 100 feet of the upper part, largely in the Grand Island formation,
lies above the water table. For example, at Holdrege at least 50 feet
of the sand and gravel of the Grand Island formation is above the
water table, but there is more than 150 feet of saturated material
below. This does not include about 130 feet of saturated Tertiary
deposits at greater depth. From 100 to 140 feet of saturated sand
and gravel lies beneath Hastings, in Adams County, and at some
places in the buried Aurora basin the saturated thickness of sand and
gravel may be as great as 125 to 150 feet.

The amount of ground water stored in the Pleistocene sand and
gravel under the plain in the area under investigation is computed to
be about 77,000,000 acre-feet, on the assumpfion that 4,000 square
miles of the area is underlain by an average of about 100 feet of satur-
ated sand and gravel with a porosity of 30 percent. An additional
quantity of ground water occurs under an area about equally large
south and east of the Platte Valley and east of the area under investi-

gation.
MOVEMENT OF GROUND WATER

A map showing contours on the water table for south-central
Nebraska is given in plate 8 (in pocket). This map is believed to
show the general direction of movement of the ground water, because
of the large contour interval chosen, although it is known that the
contours are not precise, inasmuch as the map was prepared from
depths to water reported by the farmers and from altitudes deter-
mined by means of an altimeter. The contours indicate that the
general direction of movement of the ground water in the area is from
northwest to southeast, although in certain places the direction of
movement is to the east or northeast. The interception of the under-
flow by streams in the area, especially by the Little Blue River, is
shown by the depressions in the water table along the stream valleys.

The map also shows the building up of the water table in front of
local impervious areas, such as Fillmore County, where there is high
relatively impervious bedrock of Cretaceous shale. The water table
is also built up in front of a lobe of Nebraskan till in western Polk
County. In both these localities the water table slopes away on both
sides of the impervious area, where the movement of ground water is
less obstructed. The effect of high bedrock (Niobrara shale) under
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Nelson, in central Nuckolls County, and under Blue Hill, in northern
Webster County, is evident but less apparent. The rate of movement
of the ground water of the Platte River Valley has been computed
to range from about 8 inches to 4 feet a day under the hydrologic
conditions that exist there (pp. 130-136). It is probable that the rates
of flow through the sand and gravel under the plain are of similar mag-
nitude, because the hydrologic conditions in the two areas are similar.

TYPES OF WELLS

Most of the wells drilled in south-central Nebraska for domestic and
stock purposes are only 2 or 3 inches in diameter and are of the tubular
type, which are jetted into place. The wells are usually equipped with
lift pumps, because on the plains the water level stands from 50 to 200
feet or more below the land surface. Most of the wells are equipped
with windmills, which operated efficiently in the area because of the
relatively high velocity of the prevailing winds.

In the southeastern part of the area under investigation, as in scme
parts of Clay and Nuckolls Counties, the Pleistocene water-bearing
materials are composed chiefly of fine sand, and here wells ranging
in diameter from 4 to 10 inches are drilled. Considerable difficulty
is experienced in screening wells so as to keep out the sand. Gravel
treatment is coming into more general use now than formerly. In the
western part of the area, where the Pleistocene water-bearing forma-
tions are thin or absent, as in parts of Lincoln, Frontier, and Red-
willow Counties, most wells are 4 inches in diameter.

DEPTH TO THE WATER TABLE

The depth to the water table below the land surface in south-central
Nebraska ranges from about 1 foot to more than 200 feet. In the
valleys of most of the larger streams, such as the Platte, Republican,
and Blue, the water table is relatively shallow, ranging from 1 foot
to 35 feet below the land surface. On the divides between the streams
and on the plains the water table stands much deeper. In general,
the water table decreases in depth below the land surface from west
to east across the plains of south-central Nebraska. South of Curtis,
in Frontier County, the depth to water in a well on the plains in
the NWY%SW sec. 3, T. 7 N., R. 28 W., was 192.7 feet on November
23, 1934. North of Bertrand, in Phelps County, the water table
stands about 173 feet below the land surface; near Axtell, in Kearney
County, about 101 feet; near Hastings, in Adams County, about
100 feet; near Edgar, in Clay County, about 73 feet; in a well near
Farnam, in southwestern Dawson County, about 193 feet; in a well
in the valley of the Wood River near Sumner, in Dawson County,
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about 33 feet; in a well in the valley of the Wood River near Amherst,
in Buffalo County, about 32 feet; in a well at Holdrege, in Phelps
County, about 152 feet; near Lawrence, in Nuckolls County, about
79 feet; near Ruskin, in Nuckolls County, about 115 feet; near Cowles,
in Webster County, about 36 feet; and near Upland, in Franklin
County, about 167 feet.

BLOWING WELLS

There is in most places some unsaturated Pleistocene sand and
gravel above the water table and below the loess. This material is
filled with air, which is more or less confined between the water table
and the base of the loess and is therefore subject to compression and
expansion with changes in atmospheric pressure. Changes in atmos-
pheric pressure in some wells cause a flow of air into or out of the
formation through the well casings and thus give rise to the so-called
blowing and sucking wells of the area.

GROUND-WATER IRRIGATION ON THE PLAINS

In recent years several wells have been drilled on the plains to
furnish water for irrigation, and most of the wells have yielded
relatively large supplies of water from the Pleistocene sand and gravel.
However, because the water table lies relatively deep, the cost of
lifting the water to the surface has been rather great, and some of
the wells have been abandoned.

About six irrigation wells are now being operated near Hastings,
where the depth to water is about 100 feet. Recently an irrigation
well was drilled near Upland, in Franklin County, where the depth
to water is about 167 feet. Several wells are used for irrigation near
Aurora, in Hamilton County, where the water table is about 90 feet
below the land surface. There are other irrigation wells south of the
Platte Valley in the valleys of the Big Blue and Little Blue Rivers
and their tributaries and in the Republican River Valley.

The number of irrigation wells that can be operated on the plains
without excessively lowering the water table is limited by the quan-
tity of underground percolation from the Platte River Valley and the
sand-hill region, because there is apparently little if any recharge to
the zone of saturation from the precipitation that falls on the plains.
The amount of ground water that percolates out of the Platte Valley
between Chapman and Gothenburg through the Pleistocene sand and
gravel has been estimated at about 50,000 acre-feet a year, hence the
total amount of water pumped on the plains should not exceed this
figure. There is, of course, some underground percolation under the
central and western part of the area through the Tertiary deposits,
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but it is believed that this amount of water would be no more than a
factor of safety. The area on the plain where irrigation is feasible
by water pumped from wells amounts to about 4,000 square miles,
which indicates that by recovering the entire 50,000 acre-feet of
ground-water percolation, about 12 acres of land in each square mile
could be irrigated, on the assumption that the supplemental water
requirement for crops in south-central Nebraska is 12 inches a year
(p. 140). If each pumping plant supplied water for 60 acres of
crops, an average of one irrigation well could be operated for each 5
square miles of plain. However, such complete utilization of the
ground water would probably produce certain detrimental effects at
other places in the area. The flows of the Big Blue and Little Blue
Rivers and the tributaries of the Republican River would doubtless
decrease, inasmuch as the seepage flows of these streams are composed
in part of overflow from the ground-water reservoir under the plain.
The general water table under the plain would probably be somewhat
lowered, and the resulting increase in lift would be apparent at the
irrigation pumping plants and also at municipal pumping plants in
the area. Moreover, the effect of pumping would probably be trans-
mitted slowly to the Platte River Valley, where also the water table
would be lowered. These forecasts of possible effects are based on
the best distribution of pumping plants on the plains. It is more
likely that the plants would be located closely in groups, and if they
were the detrimental effects of pumpage would be greater.

Although a certain amount of water can be pumped for irrigation
on the plain and this amount is many times that which is being
pumped at present, the safe yield of the ground-water reservoir is so
low that pump irrigation on a large scale would cause a serious lower-
ing of the water level and other detrimental effects.

CHARACTER AND THICKNESS OF THE PLEISTOCENE
WATER-BEARING MATERIALS IN THE
PLATTE VALLEY

By A. L. Luen

In connection with the investigation test holes were drilled in the
Platte Valley to determine the character and thickness of the under-
lying water-bearing materials. In all, about 75 holes were drilled for
this purpose, as shown in plate 9. The logs of these test holes and of
two test holes drilled by commercial concerns for oil and gas are given
on the following pages.

From the logs of these test holes, many of which were drilled in
lines across the Platte Valley, the cross-sectional area of sand and
gravel was determined in the valley at 12 localities, and the volume
of sand and gravel occurring in the segments between the successive
cross-sectional areas was computed.
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Cross-sectional area of Pleistocene sand and gravel in the Platte Valley

Square feet Square feet
Clarks - oo 2, 400, 000 { Elm Creek. .- . ___-_____ 760, 000
Central City._.._.______. 2, 800, 000 |Overton. ... ___.___ 1, 100, 000
Grand Island. .. _...__._ 10, 900, 000 | Lexington . - oo __._____ 1, 400, 000
Wood River_ _ _________.__ 3,800,000 | Cozad. - oo 800, 000
Gibbon_ .. _________ 3, 600, 000 | Gothenburg.- - - _________. 400, 000
Kearney_ - __.__________ 1, 000, 000 ) Maxwell________________ 500, 000
Volume of Pleistocene sand and gravel between successive cross sections in the Platte
Valley
Acre-feet Acre-feet
Clarks-Central City_____. 4, 300, 000 | Overton-Lexington_______ 1, 800, 000
Central City-Grand Island. 15, 000, 000 | Lexington-Cozad__ .. __.___ 1, 700, 000
Grand Island-Wood River. 14, 500, 000 | Cozad-Gothenburg._ ... 600, 000
Wood River-Gibbon____.._ 5, 400, 000 | Gothenburg-Maxwell . _ ... 1, 100, 000
Gibbon-Kearney_ .. _.-._. 5, 200, 000 E—
Kearney-Elm Creek. _____ 1, 100, 000 Total. o .. 51, 700, 000
Elm Creek-Overton.____.. 1, 000, 000

If it is assumed that the sand and gravel has an average porosity of
30 percent (see pp. 91-93), and if allowance is made for the quantity of
sand and gravel that lies above the water table, the total quantity of
water in storage in the sand and gravel is computed to be about
15,000,000 acre-feet. However, only a part of this water can be
recovered by wells. At a specific yield of 22 percent (see p. 96) the
volume of water that could be recovered from sand and gravel if all
of the material were unwatered is computed to be about 11,000,000
acre-feet. Additional water is stored below the Pleistocene sand and
gravel in the Tertiary materials.

Logs of test holes near Clarks
Test hole 36
[Southeast corner of sec. 32, T, 16 N., R. 5 W.; altitude, 1,640 feet above mean sea level]

Thick-
(footy | Ceet)

Soil, black Silby 10aI_ . - . oo cm i mm e 2 2
Clay, soft, sticky, gray, silty and sandy...._.__. - 3 5
Sand and silt, gray, loose, very little coarse mater: - 8 13.
Gravel, coarse, dirty, pea size or larger_____..______. - 1 14
Sand, fine, dirty, gray, contains much silt; grains well rounded.--......co.._____ - 15 29
Chalky clay, compact, light greenish gray, very calcareous (Niobrara formation)..___... 12 41

Test hole 37
[Southeast corner of sec. 15, T. 15N, R. 5 W.; altitude, 1,635 feet above mean sea level; depth to water, 8 feet],

Soil, black silty 10am, 10086 - - - - -« « e e e e mm 2 2
Clay, hard and tough, compact, gray - 6 8
Gravel and sand, reddish, coarse and fine, grains subangular; lower part contains clay

balls, and lower 1 fo0t YOIy COArse. ... .- e cmm e e e - 5 13
Clay, soft, silty and sandy, light grayish to brownish__.___ 2 15
QGravel, coarse and fine interlayered, reddish and pinkish 6 21
Gravel and sand, reddish.______________._____________._. 15 36
Shale, chalky, tough, compact, caleareous, bluish gray oo 12 48
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Logs of test holes near Clarks—Continued

67

Test hole 38
[Southwest corner of sec. 15, T, 15 N, R. 5 W ; altitude, 1,635 feet above mean sea level; depth to water, 5 feet |
Thick- Depth
HESS | (feat)
(feet)
Soil, black sandy loam......__...._. e meemmemmmmmeeeaseceememeeeom———— e 2 2
Clay, hard, compact, silty, bluish-gray. ___ e 3 5
Sand and gravel, coarse and fine interbedded, coarser at depth from 8 to 20 feet, reddish
OF PInKISh COlOT . o e m e ————————— 22 27
Clay, chalky, whitish color (Niobrar@)............ e ——— e ———— 3 30
Clay, chalky, bluish gray, consolidated (Niobrara).. . 11 41
Logs of test holes near Ceniral City
Test hole 27
[SWHNWL{8W4 sec. 31, T. 12 N., R. 5 W.; altitude, 1,795 feet above mean sea level]
Soil, gray, silty, unconsolidated.........-_. - - 2 2
Loess, yellowish, soft. . _______ - 38 40
Loess, red, hard and compact ... .o oooo oo oo iaes e 37 7
Clay, blue and greenish, silty, tough and eompact. _____.______.___._.___ 7 84
Clay and silt. greenish, compact, lower part somewhat sandy. ..o oo _ooao. 5 89
Sand and gravel, bluish gray, coarse and fine interbedded, much coarser near bottom. .. ___ 16 105
Test hole 28
[Northeast corner of sec. 15, T. 12 N., R. 6 W.; altitude, 1,805 feet above mean sea level]
Soil, dark brown, silty, loosely consolidated...._.... 2 2
Loess, yellow, silty, fairly soft___..___.... 25 27
Soil, dark brown and black, compact 2 29
Loess, reddish, compact, hard and tough, silty, lower 4 feet sandy. 19 43
Sand and gravel ... e _ 45 93
Clay and silt. . oo eemeeae ——— 40 133
Sand and gravel ________________._______._______ ... c-- ——- 25 158
Shale, bluish gray, and whitish chalk (Niobrara). _ .. ..o eccceecmeme————e 42 200
Test hole 29
[Southeast corner of sec. 18, T. 13 N., R. 6 W_; altitude, 1,713 feet above mean lea level]
Soil, dark brownish to black, sandy silt...___. e mm e m e —m— e —m——————— 4 4
8and and gravel, coarse and fine interlayered. 39 43
Clay, soft, sticky, bluish, some fine sand-_.__....__.....____..._ 4 47
Gravel and sand, coarse and fine interlayered.__._ 20 67
Shale, tough, compact, very calcareous, bluish gray and chalky (Niobrara)._ . ....c...... 17 84

Test hole 30
[Northwest corner of sec. 1, T. 13 N, R. 7 W_; altitude, 1,720 feet above mean sea level]

Soil, black silty 10am . .. e mmmmem—m—mmmmmm——nm 4 4
Gravel, very coarse, pinkish; subangular sand. 10 14
Clay, soft, silty, gray, some fine sand - .- . @ eieceeacmommane 2 16
Gravel, coarse and fine interlayered, the sand is finer than in the bed above but contains

TNOTE LAV o o oo e e e o e e m e mm e mm e m e 26 42
Clay, compact, hard and tough, brownish, silty, contains some hard lime nodules.. - 3 45
Gravel and sand, fine gravel with large sand admixture fairly well rounded.-. - 6 51
Shale, hard, chalky, bluish gray (NioObIara) ... oo iamiccccmcmnm—eae 10 61

Test hole 31
[Southwest corner of sec. 22, T. 14 N., R. 7 W_; altitude, 1,737 feet above mean sea level]

Soil, upper 2 feet of black silty loam, lower 4 feet of black alkaline ‘‘clay-hardpan”...___ 6 6
Sand and gravel, interlayered coarse and fine gravel with much sand_._.__.__... - 25 31
Shale, compact, bluish gray, chalky (Niobrara) - 5 36
Shale, hard, chalky, brownish (Niobrara). —— . .- 18 52
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Logs of test holes near Ceniral City—Continued

Test hole 32

[Southwest corner of sec. 4, T. 14 N., R. 7 W.; altitude, 1,737 feet above mean sea level]

Thick-

Depth
ness
(feet) (feat)
Sand, fine, eolian, well-rounded quartz grains - oo ma e mmmeen 1 1
Clay, brownish to black, hard, silty, alkaline, “ha.rdpan" ........................... 8 9
‘Clay, soft, bluish gray..._.__._________ 6 15
Clay, hard, black, SilYocm oo o 2 17
Clay, soft, bluish o 2 2 19
‘Gravel, coarse and fine interbedded, and sand; lower gravel is bluish gray 18 37
Shale, hard, chalky, grayish (Nlobrara) .................................................. 3 40
Test hole 33
[Northeast corner of sec. 27, T. 15 N., R. 8 W.; altitude, 1,733 feet above mean sea level]
Soil, black silty loam . oo 8 8
Clay, soft, bluish gray.._.___________._. - 3 11
$Sand and gravel reddish and pinkish, little sand_ - 8 19
Shale, compact, tough calcareous, bluish gray (Niobrar: . 6 25
Test hole 34
[SE14SE14 sec. 5, T. 15 N., R. 8 W.; altitude, 1,813 feet above mean sea level]
‘Clay, red loess, hard, silty. 32 32
Clay, red loess, very hard_. _ 30 62
<Clay and limestone concretions;
calcareous concreticns 6 inches to 2 feet thick. 6 68
<Clay, brownish red, very silty, soft; much fine sand 23 91
Concretion or hmestone layer, light gray, very hard; breaks into conchoi ip 2 93
Clay, brownish, soft, sﬂty, much fine sand; hard limestone layer or concretion 1 foot
thick near the Midale. oo oo 17 110
Clay, compact, hard, gray, sty ___ 8 118
Caleareous grit, gray, silty, consolldated, hard and soft layers (Ogallala) . ___._._..__.___. 37 155

Test hole 35

{Southeast corner of sec. 3, T'. 13 N, R. 6 W ; altitude, 1,689 feet above mean sea level; depth to water, 5 feet]

Soil, hard black gummy 1081 . ____ e e em 5 5
Sand, coarse and fine interbedded, reddish and pinkish 31 36
Clay, siity, sandy, loosely consolidated, gray (this bed has well-preserved trees and

stumps reoted In It - e m e ——— 4 40
Sand and gravel, coarse and fine interlayered, about like coarse cornmeal. .. ..cecooaeee.. 25 65

Test hole 39
[SE% sec. 34, T. 13 N., R. 7 W.; altitude, 1,744 feet above mean sea level; depth to water, 5 feet]

8ilt and fine sand, compact, Silty, Eray - - - oo oo oo cmeeecmeem 8 8
Sand and gravel, coarse and fine interbedded; pea-size or larger gravel, reddish or pink-

ish, silty mear bottom - o e e 28 36
Clay, tough, compact, brownish in upper 12 feet, grayish and softer in lower part._ 16 52
Shale, compaet, tough, gummy (NIODTAra?) . -« oo mmeme 7 59
Clay or shale, as above but softer (Njobrara?) . e icaecaaeeen 10 69
‘Clay, hard, compact, whitish, calcareots (INiIODIATAY wu - - oo oo e oo mmm e 4 73
Clay, fgnrly soft, silty, brown (NiobTara?) - - oo e e 9 83
Clay, light brown, silty, calcareous (Niobrara?) - 3 85
Clay, very soft, light brown (Niobrara?)__.__ - 6 91
‘Clay, compact, hard, caleareous, brownish ta: 24 115
Shale, compact, calcareous, cha.lky, bright ocher yel]ow (Nxobrar ? 21 136
Chalk, hard, white (Niobrara?)._ . .o e - 1 137
‘Shale, ocher yel]ow 6 1obrara?)_ _______________________ 39 176
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Logs of test holes near Central City—Continued
Chapman test for oil !

69

[Northeast corner of sec. 26, T. 12 N, R. 8 W.; driller, Nieswanger, Jayhawk Producing & Refining Co.,

1928-29; cable tool drill used]

Thick-

Depth

(Igsgf) (feet)
S00] e e e —————m———mammm 4 4
Sand and gravel, coarse and fine._ 58 62
Clay, lightgray.... ... . . 56 118
Sand and gravel, coarse sand and interlayered gravel.. 12 130
Niobrara, Carlile, Greenhorn, Graneros, and Dakota. . 1,310 1,440

1 For a complete log of this well, see Condra, G. E., Schramm, E. F., and Lugn, A. L., Deep wells of

Nebraska: Nebraska Geol. Survey, 2d ser., Bull. 4, pp. 255-257, 1931.

Logs of test holes near Grand Island
Test hole 3

[SW14SEY sec. 6, T. 10 N, R. 8 W.; altitude, 1,899 feet above mean sea level; depth to water, 67 feet]

Loess, yellowish silt, and clay; has 8-inch zone of soil at top, brown siit loam
Soil, dark-brown to neariy black silt and clay
Loess, red silt, and clay.
Soil, very dark, compact_._..._
Clay, compact, grayish green, and silt
Sand, silt, and some clay, mostly very fine sand and silt; certain thin zones consist of
greemsh sandy clay, Very oMPact . - oo
Sand and gravel, mostly coarse sand and fine gravel, somewhat layered, pinkish to reddish_
Sand and grave), similar to bed above but coarser, somewhat layered coarse and fine; lower
part contains less sand and more gravel of pea size or larger. ..
Sand and gravel. somewhat finer-textured at the top, becom
coarser and finer material interlayered; the lower 7 to 10 feet contains a large admixture
of pebbles as much as half an inch in diameter.
Coarse gravel, S0me SANd . _ . . o i ciaacaaaeos
Sand and gravel, coarse and fine, like beds above, lower 10 feet contains some clay
Sh(e\lle, t?lms? gray, harder and softer layers, calcareous, some hard chalk or limestone
FU0Y 1) =Y - U

144
146
177

225

Test hole 2

[NEYNEY sec. 34, T. 11 N., R. 9 W_; altitude, 1,843 feet above mean sea level; depth to water, 6.8 feet}

Soil and alluvium, silt and fine sand
Sand and gravel, coarse and fine, granitic sand and gravel, layer
Clay, 6-inch hard yellow clay at top, 6 inches of gravel and sand in the middle, and 2
yellowish gummy clay at the bottom _ __ . ___ e
Saﬁnd and gravel, granitic, pinkish to reddish, coarse and fine, some zones very coarse others
D o e e e e =
Sand and gravel coarse and ﬂne. similar to bed above, but some zones contain the coarsest
gravel encountered, the lower 10 to 15 feet more greemsh and containssomeclay.. ...
Shale, upper 2 feet weathered, but for the most part bluish gray or mouse-colored and cal-
careous (Niobrara)...... -- R,

37
40
%
165
187

Test hole 1

(NW1NWI sec. 22, T. 11 N., R. 9 W.; altitude, 1,840 feet above mean sea lavel; depth to water, 7.5 feet]

Soil and alluvium, black argillaceous loam and yellow silty clay . oo oo ocaooo
Sand, light gray, fine_ .. e
Sallld and gravel, fine and coarse, granitic, layered, some thin fine-textured layers, a little
clay
Clay, silt, and fine sand, grayish; may contain some coarse sand. ... -
Sand and gravel, coarse and fine; some elay. ..o ooooooooooo..
Sand and silt, coarse sand and rock flour-..___ ...
Sand and gravel dark-colored, with much smoky quartz. coarse and fine__ -
Sand and gravel, lighter in color than bed above, coarse and fine, large quartz content.
Clay, greenish gray, silty, some finesand._.___________ L ..
San% ilgd gravel, coarse and fine, clean; lower part greenish in mass, finer texture near
ottom
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Logs of test holes near Grand Island—Continued
Test hole 4
[NW¥ sec. 33, T. 12 N., R. 9 W; altitude, 1,851 feet above mean sea level; depth to water, 5.5 feet]

Thick-
ness | Depth

(feet) (feet)

Soil and alluvial fine sand, silt, and elay, black loam, and sandyclay ... .. ... 9 9
Sand and gravel, coarse and ﬁne, granitic minerals; upper part contains more fine sand
than lower part; some very fine zones and SOMe COATSE - oo oo ccoocoooo o 74 83

Clay, for the most part grayish brown, hard and very tough; contains thin streaks or

zoues of sand and gravel 19 102
Shale, weathered brownish, somewhat calcareous (Pierre) . .- ccoeommeccvoocommaae 52 154
Test hole 5 .

[NW4 sec. 14, T. 12 N., R. 10 W.; altitude, 1,872 feet above mean sea level; depth to water, 7.5 feet]
Sand, fine, uniform (dune Sand) . o .. oo e c e mcmcem e e 3 3
Loess, yellowish, silty._ ... ___________ 8 11
Sand, mostly medium to fine, a few coarser layers___..__.._..._. 89 100
Sand and gravel, granitic, mostly sand; gravel is ﬁne—textured 3 103
Sand, fine, crleareous, buff brown and grayish white, more or less indurated, hard and

soff ]ayers_(OgaIIQIa) ................................................. S 20 123
Shale, greenish gray, soapy when wet, noncalcareous, some gypsum (Pierre)....._.._._. 3 126
Shale, black, noncalcareous, soft, soapy; lower part contains yellowish and whitish

“curds’’ of soaplike material; some masses of soft ocherous yellow material; lower 1 foot

is brown (Pierre) 16 142
Bhale, gray, somewhat calcareous, hard (Pierre) 5 147

Test hole 7
[ Northwest corner of sec. 29, T. 13 N., R. 10 W_; altsitfud%, 1,890 feet above mean sea level; depth to water,
12.3 fee

Sand and soil; 8 inches of dark sandy loam at top; remainder is fine quartz sand except a
2-inch layer of gravelly sand at the bottom.__.___ ... _________ ... 2 2
Clay, yellowish at the top and gray lower down; looks much like loess clay; friable, some-
what sandy . e —m——m—ne 7 9
Sand, gray, medium to fine texture: lower part contains admixture of coarser sand and
finegravel __________ e 19 28
Sand, gray, fine to coarse; fine gravel, coarser- and finer-layered; lower 2 feet somew! hat
greemsh thin clay layer at the bottom . __________ o aeas 27 55
S8and and gravel: upper 2 feet finer and greenish gray, lower 10 feet pinkish and coarser. . 12 67
Sand, gray; very little gravel 7 74
S8and and gravel, in equal amounts, greenish gray. 11 85
Gravel, coarse; somesand . . ___________ . ______________.______ 11 96
Sand and gravel, coarse graritic gravel; lower 11 feet coarse gravel 16 112
Band, fine, greenish gray and whitish, indurated with calcium carbonate in a “limy
gnt" hard and soft layers. much silt and some elay (Ogallala)__.____ ... ____.__.__.._. 45 157
Shale, whitish to dark biuish gray, sticky, tough; some parts ocherous yellow, somewhat
calearecus [ 59 () ) OO SRR 10 167
Test hole 6
[SW14SW sec. 7, T. 13 N., R. 10 W; altitude, 1,837 feet above mean sea level; depth to water, 4.8 feet]
8oil and fine sand; 8 inches of black sandy loam; remainder fine quartz sand....._..._... 7 7
Sand and gravel, coarse and fine, grayish - 15 22
Sand, silt, and clay, coarser and finer, hard and soft; some layers indurated, gray or gray»
ish'white (Ogallala) . . e 97 129
8hale, hard, soapy when wet, light yellowish to ocherous (Pierre).. .. -cooo .. .. 5 134

Dannebrog oil well 1

{Center of south side of sec. 2, T. 13 N, R. 11 W; altitude, 1,852 feet above mean sea level; drilled with
standard equipment in 1899]

Loess clay; lower 4 feet sandy_.._.__.__._...___ 12 12
Clay, sandy, red.........__.. 29 41
Sand and gravel__________ 15 56
Clay, yellow and darker-. 38 94
Sand and gravel 10 104
‘Limerock’, sandy, ‘“‘sandstone’’, and sand, hard and soft (Ogallala) 31 135
Shale (Pierre) 266 401
Niobhrara formation N - 375 776
Carlile formation e m—m————— 235 1,011

1 See Condra, G. E., Schramm, E. F., and Lugn, A. L., Deep wells of Nebraska: Nebraska Geol. Survey,
3(7195%65}311“' 4, pp. 259-260 (location incorrectly given), 1931: also Geol. Survey Prof. Paper 32, pp. 278~
, .
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Logs of test holes near Grand Island—Continued

Test hole 8

71

{SE}, NW sec. 17, T. 11 N., R. 8 W.; altitude, 1,820 (?) feet above mean sea level; depth to water, 4.5 feet}

Thick-

Depth
ness
(toet) | (fee¥)
8oil, black, and finesand.__...._ oo mmmmem e memmmm e am—e————————— 1 1
Sand, bufi, fine and coarse, with some gravel_ ... . cooooeeoan 9 10
8and and gravel, gray, coarse; gravel as much as half an inch in diameter. 6 16
Sand and gravel, bufi, layered coarse and fine, like coarse corn meal.___ 16 32
Gravel and sand, coarse and fine; some clay balls of pebble size. ... 2 34
8and, coarse to ﬁne, a little gravel, coarser in lower part_._.__.___ 5 39
Clay and quicksand; upper 3 feet very tough, gray. 22 61
Sand and gravel with some clay. 4 65
Clay and quicksand, gray, hard. . mmcccmemean 5 70
Sand and gravel; layered granitic material contains many pale-greenish and light-buff

mineral grains, lxght-colored when dry; some fine sand; lower 14 feet somewhat finer. __ 29 99
Sand, medium to fine.. - - .- 1 100
Gravel, coarse.__...... 4 104
Clay and silt, fine, ray. _ - oo oo 1 105
Gravel, very coarse, much coarse and medium clear quartz sand, biuis - 5 110
Sand, buft gray, greenish grains, and also much clear quartz, fine sand and sﬂt- 2 112
Clay, greenish gray, with thin layers of sand and gravel 5 117
Gravel and sand, coarse, with some mediur: and fine san 9 126
Shale, upper 1 foot weathered yellowish brown, hard and soft blnish-gray shale (N jobrara). 17 143

Test hole 40

[NE{ sec. 19, T. 10 N, R. 10 W; altitude, 1,904 feet above mean sea-level; depth to water, 6 feet]

Soil, loose, silty, sandy, light brown. ... eeolan
Ggagel gnd sand, coarse and fine interbedded, mostly cornmeal size, much sand, pink-
ish re
Clay, soft, zilt3, sandy, gummy, dark brown.
Sand and gravel, containing much fine sand.
Clay, soft, silty, sandy, gray - cccoceeooooooo
8and and gravel, fine gravel with much sand, -
Shale, bright ocher yellow, hard, calcareous, darker below (Pierre)-- - o coe oo ...

Logs of test holes near Wood River

Test hole 26

[SE¥ SWi4sec. 9, T.8N., R. 11 W.; altitude, 2,039 feet above mean sea level; depth to water, about 120 feet)

Clay, yellow sandy 10ess (PeOrian) - o oo eee oo e ccceecccccc e cmmemm e
Clay and sand, mixed. . __.___.__._____.__.__

Clay, yellow and slightly sandy.
Clay, yellow and grayish.._.....
Clay, yellow, sandy, and soft- . e

Test hole 25

[INWYNEY sec. 20, T. 9 N., R. 11 W_; altitude, 1,955 feet above mean sea level; depth to water, 2 feet

Soil, light-brown friable sandy loam .- acmeenaos
Sand and gravel, fine and coarse, much gravel, granitic minerals, all much weathered._.._
Clay, grayish and brown, very silty, slightly calcareous; some fine sand; lower part more
SANAY, SO e o e e
Sand and fine gravel ... e mammm———mm———m——n
Clay, light gray, uniform, soft; some silt and fine sand.__..__.
Gravel, light-colored, fairly coarse, granitic, fairly clean and fresh_____.____..______..____
Clay, dark brown, sandy. ... oo oo
Gravel and sand, very coarse
Silt and fine sand. This bed is reworked material and consists of silt with clay; the
upper 5 feet contains some sand and gravel; color mostly browunish or gray; some of the
sand grains have frosted surfaces; lower part cemented with calcium carbonate (Ogallala).
Fine sand and grit, hard calcareous grit and softer sandy-silt layers; some of the hard
layers are pure white and very hard, almost limestone (Ogallala)_ __.___...__.____.___.

1 33
LS

Bl e

SERE B

62

8

110
153
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Logs of test holes near Wood River—Continued
Test hole 24

[SW14SW14 sec. 5, T. 9 N., R. 11 W_; altitude, 1,959 feet above mean sea level; depth to water, 75 feet]

Thick-

Depth
(rrxee:ts) (feet)
Soil, sandy silt loam 2 2
Clay, sandy, gray brown, hard 5 7
Sand and gravel, coarse for the most part, layered; no clay layers and very little silt or clay
intermixed. 58 65
8ilt and fine sand, gray brown, sandy clay, reworked material (Ogallala) 6 Kb
Test hole 21
[INW1INEL4 see. 25, T. 10 N., R, 12 W ; altitude, 1,968 feet above mean sea level; depth to water,
about 12 feet]
Soil, dark sandy siy 10am . oo e 2 2
Clay, brown, COMPACT . - - o oo e e d o e e 4 6
Gravel, coarse; some interbedded eoarse sand - 24 30
Gravel and clay, similar to bed above, but contains much clay - - . 10 40
Gravel and sand, COATSe. — .- e e - 27 67
Clay, dark brown, sandy, silty, slightly calcareous, reworked material (Ogallala). .._..._ 20 87
t'est hole 22
[SW1{SW1{ sec. 22, T. 10 N., R. 12 W_; altitude, 1,975 feet above mean sea level; depth to water,
25 to 30 feet]
Soil, light gray-brown sandy clay loam 2 2
Loess, light-vellowish silty elay.-.. ... ... ... 20 22
Sand and gravel undifferentiated, for the most part coarse, pinkish 32 54
Calcareous sandy silt, with some clay: soft silty layers and harder limy grit beds in
lower part; the upper 25 to 30 feet softer, browner, and reworked (Ogallala) . __._..___. 70 124
Test hole 23
[SEl{NEL{ sec. 23, T. 11 N., R. 12 W; altitude, 1,975 feet above mean sea level; depth to water, 30 feet]
Soil, brown sandy silt loam. . . ccecmene 2 2
Clay, hard, brown, silty, probably slluviam____..__ - 6 8
Clay, bluish green, slightly calcareous, silty, hard____ - 27 35
Sand and gravel, coarse gravel and some sand .- _______.__ - 19 54
8ilt, fine sand, and some clay; reworked material (Ogallala) - 16 70
8ilt, fine sand, some clay, calcareous, transitional (Ogallala) . __......._... - 20 90
8ilt, sand, calcareous grit, soft and hard layers, in place (Ogallala). .. cocooooanos 15 105
Test hole 41
[Southeast corner of sec. 14, T. 9 N., R. 13 W.; altitude, 2,008 feet above mean sea lievel; depth to water, 4 feet]
Soil, black silty alkaline “hardpan’’. P 3 3
Clay, gray brown, silty, compaet_._. . _._____________ 2 5
Sand and gravel, coarse gravel, litt 16 21
Clay, compact and tenacious, silty and slightly sandy, gra: 5 26
Gravel, coarse and fine interlayered, some sand..__.._.____. - 16 42
Clay, silty, calcareous, vellowish to gray brown (Osallala) oo ccmcececceeee 23 65
Logs of test holes near Gibbon
Test hole 20
[SWY{SW4 see. 17, T. 8 N., R. 13 W.; altitude, 2,052 feet above mean sea level]
Soil and alluvium, light-brown sandy loam .. o iccicaeas 6 6
Sand and gravel, fairly coarse; some intermixed clay; lower 10 feet somewhat finer in tex-
ture with more sand 24 30
Clay, brownish, fairly soft - eee - 10 40
Sand and gravel_ .. ___.___.__ - 10 50
Clay and silt, soft, gray, reworked material (Ogallala) .- .....__________ - 5 55
Grit, hard and soft, calcareous, fine sand, silt, and some ¢lay (Ogallala) . ocooooecoconeo .. 134 189
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Logs of test holes near Gibbon—Continued

Test hole 19

73

INEY{ sec. 7, T. 8 N., R. 13 W ; altitude, 2,049 feet above mean sea level; depth to water, 5.4 feet]

Thick- Depth
HESS 1 (feet)
(feet)
Soil, limy, hard, dark gray. - - 4 4
Gravel, muchsand._..__ - 12 16
Gravel, COArSe . - e - 4 20
Gravel, medium Coarse . e cemcm e - 19 39
Gravel and sand . e - 12 51
Gravel, very Coarse. . e eeam - 2 53
Gravel MEAIUIM COATS - - oo ammeem - 4 57
Gravel some intermixed clay_ ______________ - 3 60
Gravel, COASe. ... oo LTI - 8 68
Gravel and fine SaNd . - e aecccaaa - 4 72
Gravel, COArSe. - e emeeemam - 2 74
Sand, fine - 10 84
Sand very fine “quxeksand” quartz.._._._._ - 51 135
Caleareous grit, hard and soft layers (Ogallala) .. . imeaes 22 157
Test hole 18
[NEYNWI sec. 25, T. 9 N., R. 14 W; altitude, 2,055 feet above mean sea level]
Soil, black Silty 10Am - _ .o e 1 1
Clay, brown, tough, hard . .. __ . ______ .. - 2 3
Gravel and sand, coarse, mostly gravel . oo - 13 16
Sand, uniform medium sand - ... - 9 25
Gravel and sand, mostly fine gravel. .- - 22 47
Gravel, very coarse__ .. __.._..._... - 1 48
Gravel and sand, mostly fine gravel . ___.______ 10 58
Silt, sandy, lxght brown, hard, reworked mate: 37 95
Clay and sendy grit, graylsh t0 brownish soft layers and hard
sandy grit (Ogallala) . ...__.._. e e e m e m e mmm e mmm—m— e m e am e m e 78 173
Test hole 16
[NEYNEY sec. 14, T. 9 N., R. 14 W ; altitude, 2,063 feet above mean sea level]
Soil and clay, grayish-yellow loesslike clay, 6 inches of brown loam soil .. _._____......._. 8 8
Sand, fine, well rounded .-« oo - 9 17
Sand and fine gravel.._._____ - 8 25
Gravel, very coarse, much sand._ - 13 38
Gravel, fine, much sand. .. .. - 2 40
Gravel and sand, layers of coarse and fine. _ . ... memaao. - 27 67
Clay and silt, brown, compact, sandy, reworked material (Ogallala) - 6 73
Clay, silt, and whitish-gray and white caleareous grit (Ogallala) . . v o oaaaos 32 105
B Test hole 17
[NW1{SW1{ sec. 36, T. 10 N, R. 14 W ; altitude, 2,082 feet above mean sea level]
Soil, black 1oam . ..o 3 3
Loess, light yellowish gray, soft; may be in part reworked from the higher slopes. - 40 43
Clay, dark bluish green, very hard somewhat calcareous; much silt.._.__.__.._ - 11 A4
Gravel, gray green - 4 58
Gravel, fairly coarse, pinkish._. - 7 65
Gravel, coarse, very ittle sand - 4 69
silt, fine sand, caleareous grit, hard and soft layers, gray to white (Ogallala) ______.__.___ 29 98
Test hole 42
[Northwest corner of sec. 2, T. 8 N, R, 15 W; altitude, 2,110 feet above mean sea level]
80il, fine, SIEY, DU o e 3 3
Unusually coarse, clean gravel 55 58
Calecareous grit, hard and soft, silty, sandy, light gray or whitish (Ogallala) ... _...... 22 80

121343—38——6



74 GEOLOGY AND GROUND WATER, SOUTH-CENTRAL NEBRASKA

Logs of test holes near Kearney

Test hole 10

[NEYSEY sec. 1, T. 7N, R. 17 W_; altitude, 2,183 feet above mean sea level; depth to water, 19.4 feet]

Thick-
Depth
ooy | (feet)
(teet)
Sand, very fine dune sand, gray, well rounded, {frosted surfaces, mostly quartz..._.__.._.. 19 19
Sand’ and gravel, lflramtrc minerals, coarse and fine, bedded; some gravel b
medium-textured sand - 31 50
Gravel, clean, fine to fairly oar - 23 73
Gravel, clean, fine; contains some sand and fragments o - 7 80
Sand, gray, rounded quartz 5 85
Clay, greenish gray; ’contains much silt and fine sand, limy grit fragments an
caleareous, soft (reworked Ogallala) . e 20 105
Grit, calcareous, grayish green, friable, silty and sandy, leached of most of its calcium
carbonate (Ogallala)- .. ocoo oo e cmmammemae 17 122
Test hole 9
[Northeast corner of sec. 25, T. 8. N, R. 17 W; altitude, 2,177 feet above mean sea level;
depth to water, 7.9 feet]
Sand, medium and coarse_ 19 19
Sandand clay________.._ 3 22
Gravel, finesand.______.__ 3 25
Sand, coarse and fine, some grav 31 56
Clay, brownish, very soft, friable, ‘sil v, sandy, slightly calcareous (reworked Ogallala)__. 24 80
Grit, ealcareous, sandy, silt 3’ hard and soft layers, greenish gray to white, crumbly and
upper part much leached; some very hard ‘“limestone” layers; some zones contain
much clay (Ogallala) . . oo e e 140 220

Test hole 141

[Southeast corner of sec. 12, T. 8 NI., R. 17 W. altitude, 2,174 feet above mean sea level; depth to water, 5 feet]

Soil and alluvium, sandy, silty black loam____ oo e
Sand and gravel, coarse and fine_.________________
Calcareous, sandy, brown silt (reworked Ogallala?) ... ______._.___._

6
36
3

45

1 Determinations of permeability and specific yield were made on the material taken from this hole

(p. 92)
Test hole 11

[NW{SWI{ sec. 8, T. 8 N,, R. 16 W.; altitude, 2,173 feet above mean sea level; depth to water, 4 feet]

Soil and fine sand - _ ..o emceeccemmcmmem—emm—mm e
Sand and gravel, coarse and fine
Giiitl, ;mlcareous. light gray, soft and hard; some hard “limestone’’

a.

silty and sandy (Ogal-

4
43

18

4
47
65

Test hole 13

[NWI{NEY sec. 6, T.8 N., R. 16 W.; altitude, 2,212 feet above mean sea level; depth to water, about 17 feet]

Soil, black sandy 1oam . —————————————————
Clay, reddish brown, hard; lower part more or less caleareous. .
Sand and gravel, fine, RO oo ITITTTTITTTITTT
Grit, hard and soft calcareous layers, sandy, silty, grayish green to white (Ogallala)_..._.

Test hole 12

[SE}{SE}{ sec. 25, T. 9 N., R. 17 W.,; altitude, 2,260 feet above mean sea level; depth to water about 80 feet]

Clay, red; some fine sand and silt__ . eiicaiiaans
Clay, reddish but lighter than bed above, somewhat calcareous and concretionary-
Clay, light brownish, ealeareous, sandy . ____ ..o oo
Gravel, medium- texture, sandy; some clay and somewhat caleareous. ....._._._._____._
QGrit, hght brownish, gray, greenish, and white, hard and soft, fine and coarse sandy grit

layers, and many thin beds of hard white ‘“limestone’’, all calcareous (Ogallala).._._._.
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Logs of test holes near Kearney—Continued

Test hole 15

75

[NEZ{ sec. 33, T'. 9 N., R. 17 W.; altitude, 2,237 feet above mean sealevel; depth to water, about 20 feet]

Thick-

Depth
ness
(feot) (feet)
Clay, reddish brown; lower 10 feet hard and calcareous 38 38
Gravel, Meditm COAISO.. o v e e eem oo cmmmm e m e mmmm 2 40
Gravel, Very Coarse. . o oevccceccnuan 2 42
Gravel, medium____._____..____. . 6 48
<Clay, brown, calcareous (Ogallala) .. . . o caaccacccammnean 25 73
Grit, calcareous; clay at base (Ogallala) . _. . 36 109
Grit and limestone, harder and softer layers; some clay (Ogallala). . coocoooooo.. 22 131
Logs of test holes near Elm Creek
. Test hole 45
INEYNWY sec. 9, T. 7 N., R. 18 W.; altitude 2,350 feet above mean sea level]
200 | 2 2
Loess. ——- 30 32
Loess, red; 3 feet of soil at top. - - - 15 47
Clay, gray, silty... 15 62
Fine sand with 2 feet of coarse gravel at the base. ... ..o ccoecmcaeceanos 32 94
Clay, brownish - 8 102
Gravel. 6 108
Test hole 44
[NEY/NWY sec. 21, T. 8 N., R. 18 W.; altitude, 2,245 feet above mean sea level]

00 ] e e e e e e e m——————————— e ————————— e 2 2
Clay, dark grayish brown, sticky and gummy, silty._ - .- .. 6 8

Sand and gravel, very coarse; reddish-pink gravel, some sand; bed of cobblestones at 45
to47feet . e maean 39 47
Grit, very caleareous, hard, silty (Ogallala) 8 55

Test hole 43

[Southeast corner of NW1{ sec. 4, T. 8 N., R. 18 W.; altitude, 2,246 feet above mean sea level]

Soil, silty, sandy, light buff__.__ 2 2
Clay, mouse gray, silty, compact._.. 5 7
Sand and gravel, very coarse, reddish pink 18 25
Grit and clay (Ogallala) ... mmmmmmmmmmmmmmmma————————— 7 32
Test hole 46
[Northwest corner of sec. 27, T. 9 N., R. 18 W _; altitude, 2,263 feet above mean sea level]
Soil, soft, coherent, silty, sandy brownish loam.. 2 2
Clay, soft but compact, uniform, grayish bro
lower 2 feet gray and harder. 23 25
Gravel, coarse, and sand 10 35
Grit, calcareous, silty, sandy (Ogallala)...__ ... ____.__.___ 35 70
Logs of test holes near Overton
Test hole 82
[Southeast corner of NW{ sec. 13, T'. 8 N, R. 20 W.; altitude, 2,302 feet above mean sea level]
Soil, tough, black, silty and sandy, alkaline_..___.__._._... - 5 5
Clay, sticky, silty, light yellowish____..._._ - ———— 2 7
Gravel and clay, fine gravel embedded in silty clay.. - 2 9
Gravel, coarse, reddish pink, and sand______________ - 35 4
Clay and grit, gray to white, calcareous, silty, sandy, hard and soft (Ogallala)...______.__ 16 60
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Logs of test holes near Overton—Continued

Test hole 81
[Southeast corner of sec. 36, T. 9 N., R. 20 W.; altitude, 2,309 feet above mean sea level]
Thick- | epth
foss | (teety
(feet)
Soil and alluvium, black, silty, gummy, alkaline  _ .. oo oo ememcceeeeee 9 9
Clay, light yel]ow1sh sxlty, soft, sticky. 3 12
Clay, gray, tough, gummy.._._..___.._ - 1 13
Sand and gravel, fine gravel with much ded. 26 39
Clay and grit, hght gray, soft, calecareous, sﬂty, and much fine sand (Ogallal 11 50

Test hole 80
[Southeast corner of SW4 sec. 6, T. 9 N., R. 19 W.; altitude, 2,321 feet above mean sea level]
Soil and alluvium, gray, silty, Soft. .o oo e m— 4 4
Loess, yellowish-gray silt and clay_______._ 4 8
Gravel, coarse and fine, reddish pink___.__ 22 30
Clay and silt, some fine sand, hard and soft,
hard, gray, ‘and very calcareons (0gallala) . oo oo e 12 42
Test hole 79
[NWINWY sec. 20, T. 9 N., R. 20 W; altitude, 2,349 feet above mean sea level]
Soil and allnvium, dark-brown to grayish sandy 108 - o . o - oo oo ecmemeamee 7
Clay, gray, compact, sticky, smooth. . .. ______ . __ 7 14
Gravel, coarse, reddish pink, some sand 22 36
Clay and grit, soft and hard, brownish to gray, silty, sandy, more or less caleareous
(Ogallala) - o e e emmmemmmmmmmmmmm—m——m—m—————— 16 52
Logs of test holes near Lexington
Test hole 89
[SE14 sec. 16, T. 8 N., R. 21 W.; altitude, about 2,400 feet above mean sea level]
Loess, compact, tough yellowish silty clay. 46 46
Gravel, coarse and fine_._.__________________._ . ____.__ 14 60

Test hole 90

[SW14 sec. 21, T. 8 N,, R. 21 W,, in Plum Creek Valley; altitude, about 2,415 feet above mean sea level]

Loess, yellowish compact silty clay.—...o...__.____. 64 64

Gravel. coarse and fine; some sand...___.._______._ 14 78

Clay and grit, compact, gray, silty, calcareous (Ogallala) 7 85
Test hole 78

[Southwest corner of sec. 31, T. 9 N., R. 21 W_; altitude, 2,440 feet above mean sea level]

801, Bray, SHY e o e e e —————— 5 5

Loess llght yellowish, silty, ecompact.-. 45 50

Soil, brownish black, silty, carbonaceous. 2 52

Sand and gravel, coarse, reddish PINK . e e eeeea—— 22 74

Clay and grit, calcareous, silty, compact (Ogallala) e mmcecmceemmesmfm— e 11 85
Test hole 77

[Southeast corner of NE4 sec. 12, T. 9 N., R. 22 W.; altitude, 2,408 feet above mean sea level]
Soil and alluvium, sticky silty alkaline clay.__._.. - 9 9
Sand and gravel, coarse for the most part, reddish pink 21 Zg

Clay, silt, and grit, hard and soft, calcareous (Ogallala) 15
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Logs of test holes near Lexington—Continued

77

Test hole 76
[NEYSEY sec. 24, T. 10 N., R. 22 W.; altitude, 2,423 feet above mean sea level]
Thick-
Depth
ness
(feet) | (Toe¥)
Boil, gray, silty - 2 2
‘Clay, mouse gray, sticky, compa 12 14
Sand and gravel 23 37
‘Clay and grit, hard and soft, ealcareous (O 16 53

Test hole 75
[Northeast corner of SEY sec. 12, T. 10 N., R. 22 W.; altitude, 2,441 feet above mean sea level]

Soil, black silty loam.__ 2 2
Loess, yellowish gray, sil P23 25
Sand and gravel, reddish pink, much sand, g 19 4
‘Clay and grit, gray, calcareous, hard and soft, silty (Oga.lla]a)... 16 60
Test hole 74
[Southwest corner of sec. 25, T. 11 N., R. 22 W_; altitude 2,478 feet above mean sea level]
Soil, gray, silty_._...._. 2 2
‘Loess, yellowish silty clay.. 43 45
Clay, greenish gray, compact, - 10 55
Sand and gravel, coarse and fine, gra eral 10 65
‘Clay, grayish, and gravel, sandy (Ogallala?) 10 75
‘Clay and grit, hard and soft gray to white, calcareous, sandy (Ogallala 7 82
Test hole 73
Southwest corner of sec. 20, T. 10 N., R. 22 W; altitude, 2,444 feet above mean sea level]
‘Soil and alluvium, grayish brown, silty. e 10 10
Silt, brown, compact, sandy-_____..__._. 3 33
Sand and grave] 28 41
Clay and grit, soft and hard, 15 56
Logs of test holes near Cozad
Test hole 72
[Southeast corner of SWY sec. 26, T. 10 N., R. 24 W.; altitude, 2,538 feet above mean sea level]
Soil, gray, silty, 10086 -« 2 2
Clay and silt, rewarked silty loess clay 7 9
Loess, yellowish silty clay...._.____ ... 41 50
Clay, Sllty, grayish, compact and hard 3 53
Sand and gravel____.. 6 59
Clay, grayish brown, c 4 63
Gravel, coarse, yellowish 6 69
Grit, very hard gray ““limestone’” (Ogallala).__ 6 75
Test hole 71
[SWHNWY sec. 24, T. 10 N., R. 24 W.; altitude, 2,496 feet above mean sea level]
Soil, black, sandy_ ... 2 2
Loess, yellowish gray, 17 19
Gravel and sand, medium te: 12 31
Clay, compact, mdurated red and pin 2 33
Chalky shale, massive (Nmbrara)_- - - 13 46




78 GEOLOGY AND GROUND WATER, SOUTH-CENTRAL NEBRASKA

Logs of test holes near Cozad—Continued

Test hole 70
[Southeast corner of sec. 36, T. 11 N., R. 2¢ W.; altitude, 2,492 feet above mean sea level]
Thick-
Depth
ness
(feet) | (feet)
Soil, black, sticky, alkaline._._.____........ 4 4
Clay, mouse gray, sticky. 6 10
Sand and gravel.....__.___________________._______...._ 19 29
Clay and grit, silty “magnesia rock’ (Ogallala) 13 42
Test hole 69
[Northwest corner of NE}4 sec. 19, T. 11 N., R. 23 W.; altitude, 2,535 feet above mean sea level]
8011, Bray, STy - oo oo oo e mmmm 2 2
Loess, yellowish-gray silty clay. .. oo e e mmm 40 42
Clay, very compact, sticky, dark bluish gray, soapy, somewhat silty, in part almost
o4 4T3 411« SR 5 47
Gravel . .o oL 17 64
Clay, grit, silty, sandy (Ogallala) 14 78
Clay, pink, compact and hard, silty (Brule).. 2 80
Test hole 68
[Southwest corner of sec. 29, T. 11 N., R. 24 W ; altitude, 2,525 feet above mean sea level]
Soil and alluvium, brownish-black sandy silt (] 6
Sand and gravel, coarseand fine_. ... ao. 15 21
Grit, hard caleareous fine sand, and “magnesia rock” (Ogallala) 5 26
Clay, hard, pinkish red, silty; some fine sand (Brule).... — 2 28

Test holes 85-88 were drilled from tableland levels on the loess
plain southwest of Cozad and Gothenburg.

Logs of test holes near Gothenburg
Test hole 87

[Northwest corner of sec. 5, T. 8 N., R. 26 W., about 414 miles west of Farnam; altitude, about 2,640 feet
above mean sea level]

Loess, yellowish-gray silty elay .. .o . e 30 30
Soil, an old black alkaline soil zone... . — 4 34
Loess, yellowish-gray silty €lay . ..« ceommoo s 29 53
Clay, silt, and calcareous grit (Ogallala). . ... _\oocoomoeoooo. 14 67
Clay, pink, hard, silty (Brule). . ceeocooooooeemeo . 18 85

Test hole 86

[Southwest corner of NW1{ sec. 36, T. 9 N., R. 26 W., about 115 miles west of Farnam; altitude. abont 2,740
feet above mean sea level]

Soil, blaek, tough, silby_ .. e 5 5
Loess, yellowish-gray silty clay.. - 55 60
Loess, red compact silty elay__ . oo 39 99
Clay, silty, sandy, and ecalcareous grit, hard and soft (Ogallala) ... .. o ocmaaoaoe 23 122

Test hole 85

[SW1{SWI{ sec. 22, T. 9 N., R. 25 W., 214 miles east and 2 miles north from Farnam; altitude, 2,720 feet
above mean sea level]

Loess, yellowish-gray silty elay ... iicccieceen 62 62
Loess, hard red silty Clay . oo oo e e e e e 99 161
Calcareous grit and silty clay, conglomeratic at the base, hard and soft layers (Ogallala) - 6 167

Clay, compact, silty, pink (Brule)..............__.. - 15 182
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Logs of test holes near Gothenburg—Continued

Test hole 88

79

{Northwest corner of SW{ seec. 5, T. 9 N., R. 25 W., about 514 miles north of Farnar; altitude, 2,820 feet

above mean sea level]

Thick-

Depth
ness
(feet) | (feet)
Loess, yellowish-gray silty clay.. - ——— 62 62
Loess, red hard silty elay_____ .. ... ___ e mmm————— 65 127
Clay, silty, and calcareous grit (Ogallala) .. s 53 180

Test hole 65

[Southeast corner of NW14SE1{ sec. 5, T. 10 N., R. 25 W.; altitude, 2,635 feet above mean sea level]

Soil and reworked alluvial loess and slope wash_ ... ... 12 12
Loess, yellowish silty soft clay, slightly sandy in some zones__._....... 49 61
Soil, black, silty, compact, alkaline, hard_.________________________ 5 66
Clay and silt, grayish green, compact, hard, slightly sandy._....._..__ 24 90
Gravel and sand, with much siltand elay. .- .. ... _______ 4 94
Silty, sandy grit and silty clay, hard and soft layers (Ogallala) 8 102
Test hole 66
[Southwest corner of SE1{SWI{ sec. 21, T. 11 N., R. 25 W_; altitude, 2,565 feet above mean sea level]
Soil, grayish-brown silty, sandy 168m ... cc e am e cm—mm—mm e 3 3
Clay, gray, compact, tough, silty_._______._____._ e mmm e dmmmmmm————m—m e mmmm e 13 16
Sandand gravel__________ . ____._.__._.... 13 29
Silty, sandy calcareous grit (Ogallala) 8 37
Clay, pinkish red and grayish green, hard, slightly calcareous, silty (Brule).. - 10 47
Chalky shale, compact, massive, grayish green (Niobrara) ... .. cccccccacmcecan 14 61

Test hole 67

[Southwest corner of NW1{NW{ sec. 9, T. 11 N., R. 25 W_; altitude, 2,568 feet above mean sea level]

B01], SBNAY o e ama e 2 2
Clay, bluish gray to greenish, tough, sticky, silty, alkaline. .. o oome 10 12
Sand and gravel. . e emen - 17 29
Calcareous grit and sandy silt, hard and soft layers (Ogallala) 13 42
Test hole 64
[Southeast corner of sec. 10, T. 11 N., R. 26 W ; altitude, 2,588 feet above mean sea level]

Soil, black sticky “gumbo”, alkaline. ... ..o e 5 5
Loess clay, reworked_________ .____..___. el 4 9
Gravel and sand, pinkish, very coarse. ... ... o oo ooocoooaoo 10 19
Clay, reddish and brown, hard, silty; some fine sand (Brule). . .. - 8 27
Grave! and sand in silt (Brule?, Chadron?)_____ . .. e 18 45
Chalky shale, white, light gray, and brownish; harder chalk zones and softer calcareous

shale beds (Niobrara)..... U 125 170

Logs of test holes near Brady Island
Test hole 84
[Southwest corner of sec. 34, T. 12 N., R. 27 W.; altitude, about 2,680 feet above mean sea level]

Loess, yellowish-gray silty clay.... 32 32
Soil, black, tough, silty__ 1 33
Clay, light grayish green 22 55
Graveland sand.. ... ... _____ 2 57
Calcareous grit and silty, sandy clay (Ogallala) 23 80
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Logs of test holes near Brady Island—Continued

Test hole 63

[Southeast corner of sec. 28, T. 12 N., R. 27 W.; altitude, 2,656 feet above mean sea level]

Thick-

Depth
s | deen
Soil, dark gray, COmPACY oo oo o oo e 3 3
Loess yellowish gray compact silty clay 15 18
Clay, greemsh compact, very silty, and some fine sand; has thick black gummy, sﬂty,
sandy soil at tOD .- e 5 23
Gravel and much sand. _ 10 33
Sandy, silty clay, calcareous 3 36
Clay, hard, reddish brown, silty (Brule, 20 56
Fine grnvel and sand in matrix of silt and fine sand; much clay,

(Chadron?) 24 80
Shale, chalky and caleareous (Niobrara or Pierre?) - - cmee oo e oo ccom e e 40 120
Test hole 83
[Southwest corner of sec. 2, T. 12 N., R. 27 W.1
Fine dUDe Sand, gray . oo oo e — e 12 12
Gravel, coarse and fine 15 27
Silty, sandy clay and calcareous grit (Ogallala) 33 60

Logs of test holes near Mazwell

Test hole 62

[Southeast corner of SW14 sec. 6, T. 12 N., R. 28 W; altitude, 2,754 feet above mean sea level]

Loess, yellowish-gray silty clay
Gravel, coarse, with muchsand. . ____._______________._________
Silty sand, somewhat calcareous, harder and softer beds (Ogallal

42
80

Test hole 61

[SWI{NWY sec. 33, T. 13 N., R. 28 W.; altitude, 2,710 feet above mean sea level; depth to water, 4 feet]

Soil, black silty, sandy “gumbo’’, alkaline . . oo em e 4 4
Sand and gravel, coarse and fine, granitic minerals. 13 17
Clay, tough, dark brown, silty. ... _____________ 1 18
Fine gravel and much sand.__.._____ .. ______.oo.___ 14 32
Light-gray compact silty sandy clay and caleareous grit (Ogallala) 3 35
Clay, reddish, hard, silty; some layers grayish and brownish, somewhat caleareous

(Brule) _______________________________________________________________________________ 15 50
Coarse reddish gravel and sand in silty calcareous matrix; hard silty clay in lower 1 foot

(CONAAION ) o e e e e 11 61

Test hole 60
[Southwest corner of sec. 15, T. 13 N., R. 28 W.; altitude, 2,731 feet above mean sea level]

Dune sand, fine, gray. . e 7 7
Loess, soft grayish silty clay.... 8 15
Sand and gravel, granitic minerals_ 8 23
Silty, sandy clﬂy and calcareous grit, soft and hard layers, white to gray (Ogallala)_._.__ 35 58
Clay, reddish to whitish and gray; some layers are calcareous; not very sandy, but some

silt zomes (Brule) - .o e —am e 27 85
Sandstone and shale or clay, gray, greenish gray, or white; interbedded sandstone and

caleareous clay beds. - o e 55 140
Chalk and shale, interbedded limestone and silty calcareous shale, gray and whitish

(Niobrara?, TS oy T 40 180
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GROUND-WATER RESOURCES OF THE PLATTE RIVER
VALLEY

By L. K. WeNzEL
IRRIGATION IN THE PLATTE VALLEY

In the part of the Platte River Valley covered by this report—
from the vicinity of Chapman to the vicinity of Gothenburg—irriga-
tion is practiced to some extent to supplement the rainfall, which in
most years is inadequate for raising crops satisfactorily. In the part
of the valley lying east of Kearney almost all of the irrigation water
is pumped from wells, but in the part farther west water is largely
obtained from the Platte River. On a few farms east of Kearney
water is diverted from the Wood River, and on several farms west
of Kearney wells are used for irrigation.

When Nebraska was rapidly settled in the eighties, it was thought
that the precipitation was ample for crop requirements, and irrigation
was discouraged. In conjunction with efforts to induce the farmers
to raise sugar beets comparisons were made with the precipitation,
and the conclusion was reached that irrigation in Nebraska was not
required to insure regular production of crops. Many Nebraskans
asserted that the agricultural reputation of the State would be ruined
if it were found that irrigation is necessary. Many of the farmers
had migrated from areas farther east, and in their minds irrigation
was associated with desert regions, where people struggled along on
a few acres of land to produce a scant living. Large farms were
symbols of success, but large farms could not be readily irrigated.
However, several periods of drought that occurred in the early nineties
finally brought the farmers to the realization that, at least in such
years, irrigation was a necessity, and as a result diversions from the
Platte River were first made at that time. The yields of crops were
so much increased by irrigation that sentiment was completely re-
versed, and many canals were constructed to lead the water out of
the Platte River to the farms in the valley. In Dawson County alone
during the 3 years 1894-96 nine canals were constructed with a total
length of 219 miles to serve about 157,000 acres of land.*

It soon became apparent that during some years the Platte River
does not carry enough water to supply the requirements of all irri-
gators. Irrigation has greatly increased in western Nebraska and in
Wyoming and Colorado, and large quantities of water are diverted
in these areas from the North and South Platte Rivers. During dry
years, when snowfall in the mountains is light, the discharges of the
North and South Platte Rivers are comparatively small and diver-
sions from these rivers take most of their flow. Consequently, at

28 Smith, H. 0., History of irrigation in Dawson County: Nebraska State Board of Irrigation Rept.,
1895-97, p. 37, 1897.
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such times little water reaches the confluence of these streams, and
even a part of that is lost by transpiration, evaporation, diversions,
or seepage before it reaches the part of the valley described in this
report. Several large reservoirs have been constructed on the head-
waters of the North and South Platte Rivers to store a part of the
flood flows of the streams and to distribute the flow better through-
out the summer months. Even with this better distribution and some
increase in flow derived from return flow from irrigated areas the
amount of water in the Platte River during most years is considerably
less than is required by irrigators in the Platte Valley.

Soon after irrigation with surface water was begun some farmers in
the area began to use windmills to pump water for irrigation. Ac-
cording to Barbour?® many windmills were erected in the valley prior
to 1900 and some of the water pumped by them was used for irriga-
tion, from 1 to 50 acres being irrigated with the water from one mill.
Most of the windmills used at that time were constructed locally and
were of various shapes and sizes. Numerous schemes of irrigating
were utilized, but the total acreage supplied with water pumped by
windmills was small, and it became less as modern methods of well
drilling were employed and efficient pumps and engines were intro-
duced. At the present time there are many modern windmills in the
valley, but these are used mostly for domestic purposes and stock
and for irrigating small gardens.

With the advent of modern well-drilling methods and machinery
more and more farmers in the valley turned to irrigation with water
pumped from wells. In order to compute the total quantities of
ground water withdrawn by pumping from wells, a canvass of pump-
ing plants was made during this investigation. The number of irri-
gation wells completed each year is shown in the following table:

Irrigation wells in the Platte Valley

1893 .-._ 111916 _.___ 1411921 ______ 1411927 __._.___ 74
1910 . ______ 211916 .. __ 711922 _____ 1011928 ... ___ 73
1911 ___. 311917 __.__ 14 11923 _____ 101929 _______ 146
1912 . _____ 24 11918 . ___. 2111924 _______ 1811930 __-__- 140
1913 _____ 1711919 __. 911925 _______ 26| 1931-321.___ 65
1914_ ... 211920 _____ 16| 1926 _______ 470 motal e
1Incomplete.

The number of wells completed has steadily increased, especially
since 1926. The figure showing the number of wells completed in
1931 and 1932 is incomplete because the canvass was made during
those years. Most of the wells drilled prior to about 1915 were
located in the valley west of Kearney, but because during some years

2 Barbour, E. H., Wells and windmills in Nebraska: Geol. Survey Water-Supply Paper 29, p. 31, 1899.
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surface water is available for irrigation in this area, the increase in
pumping plants has not been rapid. East of Kearney, however, the
amount of surface water available for irrigation is small and there has
been a rapid increase in pumping plants. According to the census of
1930 about 75 percent of all irrigation pumping plants in Nebraska are
in the Platte Valley between Chapman and Gothenburg.

The progress of irrigation with both surface and ground water has
been erratic, because of the great variation in precipitation from year
to year. In some years there has been ample rainfall to supply crop
requirements, and irrigation ditches and pumping plants have been
neglected. In recurring dry years many farmers have been unable
to obtain sufficient water for crops because of the neglect of their
irrigation facilities in previous years. The seasonal precipitation is
often poorly distributed, and even in years of average rainfall there
are periods of drought. Thus in 1930 the average of the precipitation
at Grand Island, Kearney, Lexington, and Gothenburg was 140
percent of normal, but the distribution throughout the year was very
poor, and little rain fell during the hot months of July and August.
Smith ¢ recently compared the yield of corn on unirrigated land in
Phelps and Kearney Counties with the annual precipitation and with
the approximate rainfall during the growing season, as indicated
in the following table:

Average precipitation ai Minden and Holdredge and average yield of corn tn Phelps
and Kearney Counties, 1904-22

[Compiled by F. F. Smith]

Approxi-| Average Approxi-| Average
Annual matte pre-| yield of Annual matte Fre— yield of
precipi- |cipitation; corn precipi- |cipitation| corn
Year tation | in grow- | (bushels Year tation | in grow- | (bushels
(inches) |ing season| to the (inches) |ing season| to the
(inches) acre) (inches) acre)
24.3 16 39 17.2 11 16
37.5 24 41 40.4 28 35
26.9 10 39 23.6 17 23
20.9 14 14 18.5 9 18
29.2 21 25 20.8 10 14
23.6 10 156 29.2 14 34
18.6 12 19 19.7 9 26
21.3 13 14 18.6 11 11
18.4 9 14 18.7 11 15
20.4 5 4

According to this table the yield of corn varies approximately with
the annual precipitation and more closely with the rainfall during
the growing season. The relation shown in the table probably holds
generally for the yields of unirrigated corn throughout most of the
Platte Valley. The estimated average yield of corn from irrigated
lands in Hall County in 1929, as obtained by the county agricul-

30 Smith, F, F., unpublished report on tri-county project, Nebraska, Bur. Reclamation, ms. vol, 1,
p. 93, 1924,
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tural extension agent,®! was about 43 bushels to the acre—a yield
higher than any shown for unirrigated corn in the table, although the
precipitation during 1929 at Grand Island, the county seat of Hall
County, was 6.56 inches below normal. The inference to be drawn
is that the yields of corn in most years could be considerably increased
by the use of supplemental water.

OCCURRENCE OF GROUND WATER IN THE PLATTE VALLEY

In most regions there is a zone—called the zone of saturation 3—
below the surface of the earth where the pores, cracks, and crevices in
the rocks are filled with water under hydrostatic pressure. The water
in the zone of saturation is called ground water, and the upper surface
of the zone of saturation is known as the water table. The depth of
the water table below the land surface and the thickness of the zone
of saturation differ greatly in different localities. In some areas the
zone of saturation is overlain by a relatively impervious formation
that confines the ground water under pressure, and in other areas
water is suspended above the main water table because of a relatively
impervious bed that hinders the downward movement of the water
to such an extent that it forms an upper zone of saturation. Water
that is confined under pressure is called artesian water, and an upper
zone of saturation is known as perched ground water.

In the Platte Valley water occurs relatively near the surface in the
loess, the Pleistocene sand and gravel, and the Ogallala formation.
These formations, which are described on preceding pages, differ
greatly in character and therefore in water-bearing properties.

Ground water occurs in the loess only where the underlying sand
and gravel are completely saturated. Near Lexington the water
table in many places stands 5 to 10 feet above the base of the loess.
Ground water occurs in the loess mostly west of Kearney, where there
has been considerable irrigation with surface water, seepage from
which has produced a rise of the water table. Loess is so fine-grained
that it yields little water to wells, and hence the water that occurs
in it cannot be readily recovered and is of little value as a water
supply. Several ditches have been constructed in Dawson County
to drain water out of the loess into the Platte River.

At most places in the valley abundant supplies of water are found
in the Pleistocene sand and gravel, which usually lie directly beneath
the loess. Near the Platte River the loess has been eroded, and the
sand and gravel are exposed. In other places the loess forms a cover
that increases in thickness toward the valley limits. The thickness of
the sand and gravel varies greatly in the area, because the surface of

8t Ulrich, Irwin, unpublished report on irrigation in Hall County.

32 Meinzer, O. E., Outline of ground-water hydrology, with definitions: Geol. Survey Water-Supply Paper
494, p. 21, fig. 2, 1923,
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the underlying bedrock is irregular and the upper surface of the
sediments is fairly smooth. There is, however, a general increase
in the thickness of the sand and gravel from west to east, as shown
by the test holes drilled in the valley (pp. 65-80). Near Gothenburg
the thickness of the sand and gravel is about 20 feet, and near Grand
Island it is more than 100 feet.

In a few places in the valley, especially close to the valley limits,
little water can be obtained from the sand and gravel. One such area
exists north of Gibbon and another southwest of Grand Island, on the
south side of the Platte River. Irrigation wells drilled in these
localities have been abandoned, but the sand and gravel yield sufficient
water to supply domestic demands.

The Ogallala formation is relatively unimportant as a water-bearing
formation in the valley. The sand and gravel found in it are more or
less thoroughly cemented together by carbonate of lime and have a
rather low permeability and specific yield. The Ogallala underlies
the Pleistocene sand and gravel only from Gothenburg to a point
between Gibbon and Grand Island. Farther east the Ogallala is
eroded and the Pleistocene sand and gravel rest on relatively imper-
meable Cretaceous formations. Few wells in the valley obtain water
from the QOgallala, principally because the overlying sand and gravel
provide a more abundant supply. However, where the Pleistocene
sand and gravel are absent or supply only small quantities of water
some domestic wells obtain water from the Ogallala formation.

There are no indications in the Platte Valley that artesian conditions
or perched water tables exist. The loess is relatively impermeable
and little flow takes place in it, but it readily transmits changes
in water pressure. In the test wells that were sunk through saturated
loess the water encountered in the loess stood at about the same
level as the water that was encountered later in the underlying sand
and gravel. In some localities in the valley the Pleistocene sand and
gravel are divided by a clayey stratum (Fullerton formation) that
separates the sediments into upper and lower deposits of sand and
gravel, the Grand Island and Holdrege formations (pp. 38-51). The
Fullerton formation is absent in many places, although small clay
lenses are often encountered throughout both the sand and gravel
formations. The clay lenses do not appear to cause artesian or
perchea water conditions—probably because they are not extensive.
The separating clayey Fullerton formation, although found in many
localities, does not appear to confine the water in the underlying
Holdrege formation under pressure or to hinder the water in the
overlying Grand Island formation from percolating to the lower sand
and gravel. The water level in the well drilled through the Fullerton
into the Holdrege formation in connection with tests to determine the
permeability of the formations (p. 101) corresponded with the water-
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level in wells that ended in the Grand Island formation, thus indi-
cating that the water pressures in the two formations were the same.

DEPTH OF THE WATER TABLE IN THE PLATTE VALLEY

The depth of the water table below the land surface in the Platte
Valley in general increases with the distance from the Platte River.
From the measured depths to the water table in about 1,000 wells in
the valley, a map was prepared showing the depth of the water table
below the prevailing land surface (pl. 10, in pocket). The lines on
the map represent only the approximate depth of the water table at
any particular locality, because there are minor depressions and ele-
vations of a few feet in the land surface that were disregarded in the
preparation of the map. Moreover, the water table fluctuates con-
stantly, and therefore its depth below the land surface changes from
time to time. The lines are probably accurate within 2 or 3 feet.

The water table between Gothenburg and Kearney is in most
localities more shallow than the water table between Kearney and
Chapman. Irrigation since about 1890 west of Kearney with water
diverted from the Platte River has produced a rise of the water table
in that area. KEast of Kearney the water table has been lowered in
many places by the withdrawal of ground water from wells. Thus
the present difference in level of the water table in the two areas has
been caused chiefly by the difference in sources of the water used for
irrigation.

There are only a few wells between Gothenburg and Cozad in
which the depth to water could be measured, hence few data are
available on the ground-water level in that locality. North of
Gothenburg, where there is little irrigation, the water table lies more
than 50 feet below the land surface. The depth of the water table
increases rapidly on the south side of the Platte River as the valley
limit is approached.

In the vicinity of Lexington and eastward to the vicinity of Kearney
the water table lies less than 15 feet below the ground surface except
close to the north valley limit. South of the river the water table lies
rather deep. There are several river terraces on the north side of the
river between Lexington and Kearney that cause the depth of the
water table to vary considerably within short distances. The water
table on each terrace lies deepest near the front of the terrace and
shallowest near the back. Southwest of Kearney on the south side of
the river there is a group of sand hills. In the depressions between
the hills the water table stands close to the land surface, but wells
drilled on the hills must go deep for water. No attempt was made to
show the depth of the water table in this locality.

From Kearney to and beyond the town of Wood River the depth of
the water table ranges from less than 5 feet to more than 25 feet.
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Except close to the river the water table in most of the area lies more
than 15 feet below the land surface. On the south side of the Platte
River the depth of the water table increases rapidly except in the
vicinity of Lowell, where the valley limit is not well defined. North
of the town of Wood River there is a depressional area of about 12
square miles where the water table lies at a depth greater than 25 feet.
This may have been caused by heavy pumping, because a large part of
this area is irrigated by water pumped from wells. The Wood River
does not appear to have any great effect on the depth of the water
table in the area. The stream flows at about the level of the water
table, and there is probably little seepage into or out of the stream,
because throughout most of its course the stream bed is composed of
loess.

The Platte Valley widens east of the town of Wood River and the
lines showing depth to water follow in general the north valley limit.
The shallow-water area is greatly increased by this broadening of the
valley. A local depression in the vicinity of the city of Grand Island,
where the water table stands more than 20 feet below the land surface,
is probably caused by heavy pumping of water for municipal use.
North of Grand Island the depth of the water table in a large area is
less than 10 feet, probably because of plentiful recharge from precipi-
tation and seepage from Prairie and Silver Creeks. The Platte River
south of Grand Island flows close to the valley limit, and the depth of
the water table increases rapidly to the south. At Doniphan, about
2 miles south of the river, the water table lies about 70 feet below the
land surface.

HYDROLOGIC PROPERTIES OF THE WATER-BEARING MATERIALS

The quantity of ground water that a water-bearing material will
yield to wells or other recovery devices depends principally upon the
hydrologic properties of the material. These properties vary greatly,
even where differences in the texture of the material are apparently
only slight, hence ordinary geologic descriptions are quite inadequate
for hydrologic purposes, and quantitative descriptions based on
laboratory or field determinations have become essential.

The two hydrologic properties of greatest significance are permea-
bility and specific yield. Mechanical analyses and determinations of
porosity and moisture equivalent are useful chiefly as indirect means
of determining these two essential hydrologic properties.

The specific yield of a water-bearing formation is defined by Meinzer
as the ratio of (1) the volume of water which, after being saturated, it
will yield by gravity to (2) its own volume.®® It is a measure of the
quantity of water that a formation will yield when it is drained by a

3 Meinzer, O. E., Outline of ground-water hydrology, with definitions: Geol. Survey Water-Supply
Paper 494, p. 28, 1923.
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lowering of the water table. Thus if 100 cubic feet of saturated
water-bearing material when drained will supply 20 cubic feet of
water the specific yield of the material is said to be 20 percent.

The practical use of the specific yield is obvious. The quantity of
water that a saturated material will furnish from storage depends upon
its spectfic yield. To estimate the water supply obtainable from a
deposit for each foot that the water table is lowered, or to estimate the
available water supply represented by each foot of rise of the water
table during periods of recharge, it is necessary to determine the
specific yield.

The permeability of a water-bearing formation is usually expressed
as a coefficient of permeability, which is defined, according to the
present usage of the United States Geological Survey, as the rate of
flow, in gallons a day, through a square foot of its cross section, under
a hydraulic gradient of 100 percent, at a temperature of 60° F.3¢ In
field terms the coefficient of permeability may be expressed as the
number of gallons a day, at 60° F., that is conducted laterally through
each mile of water-bearing bed under investigation (measured at right
angles to the direction of flow), for each foot of thickness of the bed
and for each foot per mile of hydraulic gradient.?* The quantity of
water that will percolate through a given cross section of water-
bearing material under a known hydraulic gradient is directly pro-
portional to the coefficient of permeability of the material. It is
necessary to determine this important hydrologic property in order
to compute the quantity of ground water that percolates into or out of
a ground-water basin or reservoir or & specific well or well field.

Coefficients of permeability vary widely. Fine sand is in general
less permeable than coarse sand and therefore transmits less water
through equal cross-sectional areas under the same hydraulic gradient.
Clay may contain more water per unit volume than sand or gravel,
but its permeability is generally low, and therefore the quantity of
water transmitted through it is usually much less than is transmitted
through sand and gravel. Coefficients of permeability of less than
100 are said to be low, coefficients between 100 and 1,000 are said to
be medium, and coefficients above 1,000 are said to be high. Most
materials that yield sufficient water to be utilized by wells have
coefficients ranging between 10 and 1,000, and most villages and cities
that utilize ground water for their supply obtain water from formations
having coefficients greater than about 100.3* Coefficients of perme-
ability ranging from about 0.001 for clay to more than 90,000 for sand
and gravel have been determined in the hydrologic laboratory of the
United States Geological Survey.

34 Stearns, N. D., Laboratory tests on physical properties of water-bearing materials: Geol. Survey
Water-Supply Paper 586, p. 148, 1928.

3 Meinzer, O. E., Movements of ground water (address at 19th annual meeting of Am. Assoc. Petroleum
Geologists, Dallas, Tex., March 23, 1934).
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SPECIFIC YIELD OF THE WATER-BEARING MATERIALS
METHODS USED TO DETERMINE SPECIFIC YIELD

Meinzer ® gives seven more or less distinct methods of determining
specific yield—mamely, (1) saturating samples in the laboratory
and allowing them to drain; (2) saturating in the field a considerable
body of material situated above the water table and above the capil-
lary fringe and allowing it to drain downward naturally; (3) collecting
samples immediately above the capillary fringe after the water table
has gone down an appreciable distance, as it commonly does in
summer and autumn; (4) ascertaining the volume of sediments drained
by heavy pumping, a record being kept of the quantity of water
that is pumped; (5) ascertaining the volume of sediments saturated
by a measured amount of seepage from one or more streams; (6)
making indirect determinations in the laboratory with small samples
by the application of centrifugal force; and (7) making mechanical
analyses and determinations of porosity and estimating therefrom
the specific yield. The specific yield of the water-bearing materials
in the Platte Valley was determined by the use of the fourth and sixth
of these methods. Samples of the materials were analyzed in the
hydrologic laboratory of the United States Geological Survey, and a
pumping test was made near Grand Island.

LABORATORY DETERMINATIONS

In the laboratory the samples of water-bearing material are satu-
rated and subjected to a centrifugal force approximately 1,000 times
the force of gravity. The samples are weighed, then dried and
reweighed. The difference in weight represents the weight of the
moisture that is retained after centrifuging. The moisture equivalent
by weight is computed by dividing the weight of the moisture re-
tained after centrifuging by the weight of the dry soil, and the mois-
ture equivalent by volume is computed by multiplying the moisture
equivalent by weight by the apparent specific gravity of the material.

The moisture-equivalent determinations are made to ascertain the
specific retention ¥—that is, the quantity of water that a soil or rock
will retain against the pull of gravity if it is drained after having
been saturated, expressed as the ratio of the retained water to the
total volume of material. The specific yield of a material is equal to
the porosity minus the specific retention. It has sometimes been
assumed that the moisture equivalent and the specific retention of a
water-bearing material are approximately equal. However, several
investigators have found that this relation holds most nearly when
-”_Meiu—zer,—s. E., Outline of methods for estimating ground-water supplies: Geol. Survey Water-
Supply Paper 638, p. 113, 1932,

37 Meinzer, O. E., The occurrence of ground water in the United States, with a discussion of principles:
Geol. Survey Water-Supply Paper 489, pp. 56 et seq., 1923.
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the moisture equivalent is comparatively large. Piper 3 prepared a
graph showing the relation between these properties, using the results
obtained by him in the Mokelumne area, California, and the results
obtained elsewhere by others. Where the moisture equivalent
ranged between 3 and 5 percent the specific retention was found to
range between about 5 and 7 percent. Moisture equivalents greater
than 15 percent agreed more closely with specific retention.

Samples of loess, Ogallala formation, Pleistocene sand and gravel,
and soil were analyzed in the hydrologic laboratory of the Geological
Survey. A mechanical analysis was made to determine the general
size and assorting of the grains, the porosity and moisture equivalent
were determined so that specific yield could be computed, and the
permeability was determined so that the rate of flow of water through
the material could be approximated.

Loess.—Tests for moisture equivalent were made on four samples of
loess obtained in the Platte Valley near Lexington. The results are
shown below.

Physical properties of loess from the Platte Valley
[Collected by L. K. Wenzel; analyzed by V. C. Fishel]

1 2 3 4
Mechanical analysis (percent by weight):
Gravel (5.0-2.0 M) ..o eeemm—m——— -l 00 0.0 0.0 0.0
Fine gravel (2.0-1.0 mm)___. e emmememceememmmaeme——ann .0 .0 .0 .0
Coarse sand (1.0-0.5mm). ....._.. .0 .0 .0 .0
Medium sand (0.5-0.25 mm). - W7 .8 7 .9
Fioe sand (0.25-0.125 mm)___._.... - .7 .9 13 1.2
Very fine sand (0.125-0.062 mm) | 28.5 30.4 4.4 26.7
Silt (0.062-0.005 mm) ... 4.3 53.9 45.1 39.0
Clay (less than 0.005 mm) 25.9 14.8 311 311
Apparent specific gravity_ .. 1.09 1.14 1.16 1.09
Porosity (percent) eaecemm———cam——— 43.8 5.9 56.7 5.3
Moisture equivalent:
Percent by weight.__ .| 253 25.7 37.3 32.2
Percent by volume_.____. - 27.6 20.3 43.3 35.1
Coefficient of permeability. oo aes . . 3 >1 >1 4

1, Unsaturated loess, 5 feet below surface, 234 miles northwest of Lexington.
2. Saturated loess, 7 feet below surface, same location as sample 1.

3. Unsaturated loess, 6 feet below surface, 1 mile north of Lexington.

4. Saturated loess, 7 feet below surface, same location as sample 3.

The average moisture equivalent by volume was 33.8, and the
average porosity was 53.7. If the average moisture equivalent is
taken to represent the average specific retention, the average specific
yield of the four samples of loess is about 20.

Ogallala formation.—The moisture equivalent of one sample of the
Ogallala formation was determined in the laboratory. (See table
on p. 92.) The sample was obtained about 55 feet below the surface
during the drilling of a 6-inch test well in connection with the present
investigation in the SE¥SEY sec. 12, T. 8 N., R. 17 W, about 5 miles

3 Piper, A. M. Notes on the relation between the moisture equivalent and thespecificretention of water-
bearing materials: Am. Geophysical Union Trans. 14th Ann. Meeting, pp. 481-487, 1933.
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west of Kearney. The moisture equivalent is 13.9, the porosity 34.3,
and the computed specific yield of the sample 20.4.

Pleistocene sand and gravel—The moisture equivalent of samples of
the Pleistocene sand and gravel obtained near Grand Island, Kearney,
and Lexington was also determined in the laboratory. During the
drilling of a test well on the farm of Fred Meyer, about 4 miles east of
Grand Island, in the NW% sec. 17, T. 11 N., R. 8 W., 19 samples of
material were collected and the moisture equivalent was determined
for 18 of them. One sample was composed principally of clay, and its
moisture equivalent was 27.1, and the specific yield 13.2. The remain-
ing 17 samples consisted of mixtures of sand and gravel, as shown by
the mechanical analyses listed in the following table:

Physical properties of water-bearing materials from a well near Grand Island, in
the NW Y sec. 17, T. 11 N., R. 8 W.

[Collected by L. K. Wenzel; analyzed by V. C. Fishel]

Mechanical analysis (percent by weight) e,

Depth Appar-| p.. Coefli-
of ent osity cixent-
sample \Larger| 50 | 400 | 0.50- | 0.25- |0.125-|0.052-| Le% | Gl | @er | per. | Per- | noRPh,
(feet) | than | 7o | 0.5 | 0.25 | 0125 0.062 | 0.005 | AT | grayity | cont) cent by centby! ity
mm | M@ | Mo | mm | mm | mm|omm ey weight ume
207189180 17.1]154| 13| 04 02] we| 221| 1ra]| 28 480
1|17 |312]304| 55| .3| .2 .1| 18| 309| 15| 27| 1,68
168152258 29.4|10.5| 16| 5| 1] iso| 323| 11| 20| 1460
186|188 2.3 208|138| Lo| .6| .2{ 18| 25| L4 26| 1005
75172 250|300 |160| 34| .8| .3| 1s3|{ 3L0| 14| 26| 1005
36.4 208|214 150 47| 8| 5| 1| 18| 306| Lo| Lo| 4£3%
3.4 3.6| 18| 47|2.0| 1403105/ 136| 18| 43| 17.4| 271 2
159 110|201{334|154| 26| .4| .o| 18| 3r2! 1s| ‘27 925
154 152|202 105|164 7.0| 45| 15| 192! 23| 16 30 150
173107 | 131|294 [ 244 | 321 10| .4| 1st| 302] 16| 30 350
39.6(128| 905|157 |13.5| 47| 25| 10| Yo4| 262| 17| 33 780
274109163 224|108 | 37| 21| 10| Le2| 256| 16| 30 730
206 196107101 | 97| 43| 4] 9| ro2| 20| 14| 28| 2005
181|180 177|237 |140| 33| 30| 19| ro4| 263| Le| 30| ZLos
179.3| 35| 39| 63| 40| 15| Lol .3| 2o02| 228 2,185
143|119 | 182|251 |187] 65| 30| 17| Las| 48| ie| il 220
362|103 146|171 |11.6| 43| 3.4| 28| 1oer| 215| 19| 39 195
161) 104|228 |301]/139| 30| 25| Lo| 18| 2090| 12| =21 430

90-105 .| 253 | 13.3|13.7]200|143| 52| 3.5| 20| Loo| 2n6| L5| 29 285

1 76.0 percent larger than 5 mm.

The moisture equivalents of these 17 samples ranged from 1.9 to
3.9 and averaged 2.8. This average falls into the range where Piper
found that the moisture equivalent was considerably less than the
specific retention. By using his diagram, the specific retention cor-
responding to a moisture equivalent of 2.6 is found to be about 5.
The porosity of the 17 samples of sand and gravel ranged from 21.5
to 41.8 and averaged about 29. The average specific yield is therefore
computed to be 29 minus 5, or 24.

Seven samples of water-bearing sand and gravel were taken during
the drilling of the test well west of Kearnev from which the Ogallala
sample mentioned above was obtained. The properties of these 8
samples are shown in the following table:
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Physical properties of water-bearing materials from a well near Kearney, in the SE¥;
SEY sec. 12, T.8 N, R. 17 W.

[Collected by Keith Miller; analyzed by V. C. Fishel]

: . . Moisture
Maechanical analysis (percent by weight) equivalent
o =
- =] |
d g g |38 B 8 B
Material P eleg| 8|88 |8 |8 & 58
Eq| 8|8 F 5|8 5g]55| 8 |Bg|B. |82
SEIE 2|5 |8 5|5 |88|8:| 2|28 |58) 28
s =Y T 4 . =] : - St = -t I=1 = © a
8| 2 &% |8%1% |8:g|82|¢€
g by ; z u?a B o 2 =) S 2 Bl g% ® 8
S IR|3|&|12 |38 |3 %2 |&|& |&7|8™
Sand and gravel..._| 40.4 | 15.5 | 22.8 | 16.5| 3.9 0.4 | 0.3 | 0.1} 1.87|27.2| 1.4| 2.6 | 2,600
Do. 27.4 111,91 19.2127.7 | 11. 1 19 .5 .2 1.8 }27.0] 1.2 23 815
Do._. 122.4| 9.5|16.2 | 41.7] 9.0 .7 4 2111871272 1.3 ) 231,145
Do.. 31,31 21.0f19.6)|19.6| 65| 1.2 .5 .111.95(26.1 1.2 | 231,370
Do.. 146.9 | 14.5| 17.1 | 16.6 | 4.1 .4 .2 P O I ) O AN T P P 2, 515
Do... 8.5(16.5]28.236.6| 89 .7 .3 .1]11.84(29.7 L9 L7 1,820
Do. - 21.1 8.3 14.5(34.9|180] 20 7 .111.8 1307 1.3 2.3 770
Ogallala formation.} 16.3 ] 4.7 6.8 154 9.0( 6.5{352| 43| 1.74(34.3| 80 13.9 16

1 One rock 4% by 11 centimeters removed; weight 328 grams.
7 34.1 percent larger than 5 mm.

The moisture equivalents were determined for 6 of the samples of
sand and gravel, and the average value was 2.25. The specific
retention, according to Piper’s diagram, for a moisture equivalent of
2.25 is about 4.1. The average porosity of these 6 samples was
about 28; hence the average specific yield of the 6 samples is about 24.

Three samples of sand and gravel (nos. 7-9 in the following table)
were taken from an auger hole about 25 feet from the Platte River,
southwest of Kearney, in the NE4NEY sec. 21, T. 8 N,, R. 16 W.
The average moisture equivalent of these samples is 2.4, and the
average porosity is 34.5. Piper’s diagram shows that the specific
retention is about 4.5 percent. Hence the average specific yield of
these samples is about 30.

Samples of sand and gravel were collected at two localities near
Lexington. One of these samples (no. 4) from the SW}%SW sec. 17,
T. 9 N., R. 21 W., was found to have a moisture equivalent of 1.8 and
a porosity of 37.5. As a moisture equivalent of 1.8 is taken to indicate
a specific retention of about 4, the specific yield is about 33.5. The
moisture equivalent of a sample of sand and gravel obtained from an
auger hole about a mile north of Lexington (no. 10) was found to be
5.6, and the porosity was 25.5 percent. By Piper’s diagram the
specific retention corresponding to a moisture equivalent of 5.6 is
about 7.8; hence the specific yield of this sample is about 17.7.

Soil.—The moisture equivalent was determined also for several
samples of soil in the vicinity of Lexington. Most of the soil is
developed from loess and therefore may be expected to possess similar
hydrologic properties. The samples collected in the SW%SW sec. 17,
T. 9 N., R. 21 W, northwest of Lexington (nos. 1, 2) show a rather
high moisture equivalent—47.4 for the top soil and 22.4 for the soil
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below. The specific yields of these samples are 4.4 and 21.7 respec-
tively. The moisture equivalents of samples of soil collected in the
NWANWY sec. 36, T. 10 N, R. 22 W. (nos. 5, 6) are 32.0 and 29.1.
The porosities of the samples are high (50.9 and 62.0), and the specific
yields are 18.9 and 32.9 respectively.

DETERMINATION BY THE PUMPING METHOD

A pumping test was made on the farm of Fred Meyer, about 4 miles
west of Grand Island, in the NW¥ sec. 17, T. 11 N., R. 8 W., and the
specific yield of the water-bearing sand and gravel was determined in
place. The method was suggested by Meinzer * and consists of
determining the ratio of (1) the quantities of ground water which in
a given time are taken from storage between concentric cylindrical
sections around the pumped well to (2) the volume of sediments
between the cylinders that are unwatered in that time. A complete
description and summary of the results of this test was recently
published.® :

The pumping-test method is based on the law of flow of water
through sand as propounded by Darcy.#* Darcy’s law may be written
Q=PIA, in which @ is the quantity of water that percolates through
a cross section of water-bearing material, P is the coefficient of per-
meability, I is the hydraulic gradient, and A is the cross-sectional
area of the material. When a well is pumped some water is inevitably
taken out of storage from the well and the material surrounding it.
This reduces the pressure, creates a hydraulic gradient toward the
~ well, and causes ground water to flow into the well. If the water-

bearing formation has a water table, considerable ground water may
have to be removed from storage before a gradient will be developed
that is steep enough to make water flow toward the well at the rate
that it is pumped and to establish equilibrium.

During the period of pumping water percolates toward the pumped
well through an indefinite series of concentric cylindrical sections
around the pumped well. The flow through these cylinders at first
is unequal, because some water is being taken out of storage from
between the cylinders, but after approximate equilibrium has been
established the flow through each of the cylinders is the same. Thus
for a time the flow through a large cylinder will be less than the flow
through a small cylinder by the amount equal to the quantity of water
withdrawn from storage between the cylinders. The volume of
material between any two cylinders unwatered in a given time can be
m E., Outline of methods for estimating ground-water supplies: Geol. Survey Water-Supply
Paper 638, p. 136, 1932.

4 Wenzel, L. K., Specific yield determined from a Thiem’s pumping test: Am. Geophys. Union Trans.
14th Ann. Meeting, pp. 457-477, 1933; The Thiem method for determining permeability of water-bearing
materials and its application to the determination of specific yield: Geol. Survey Water-Supply Paper

679-A, 1936.
4 Darcy, H., Lesfontaines publiques de Ia ville de Dijon, Paris, 1856,




GROUND-WATER RESOURCES OF PLATTE RIVER VALLEY Q5

computed from the draw-down of the water table as shown by succes-
sive measurements of the depth to water in observation wells. The
average hydraulic gradient that causes the water to percolate toward
the pumped well can be determined from the same records of depth to
water, provided the altitude of the tops of the observation wells is
known. The total quantity of water that percolates through each
of the two cylinders in a given time is computed by Darcy’s formula.
As the quantity of water that is taken from storage is determined by
ascertaining the difference in the quantities of water that percolate
through the cylinders in a given time, the specific yield may be
expressed by the equation
100(Y;,—Y)
Y=g

in which y is the specific yield, ¥; the quantity of ground water that
percolates through the smaller cylinder, Y the quantity of ground
water that percolates through the larger cylinder, and V the volume
of water-bearing material that is unwatered between the cylinders.
Ordinarily, the volume of unwatered material and the quantities of
ground water that percolate through the cylinders are expressed in
cubic feet.

The volumes of water-bearing material that were unwatered
between concentric cylindrical sections around the pumped well
during certain periods of pumping were computed by the formula

V=r (@*—a? 818y
2
in which Vis the volume of unwatered material, in cubic feet, ¢ is the
radius of the large cylinder, in feet, a, is the radius of the small cyl-
inder, in feet, and s and s, represent the draw-down of the water
table, in feet, at the distances @ and a,, respectively, from the pumped
well.

The quantities of water that were taken from storage between the
concentric cylindrical sections were determined by computing the
quantity of water that percolated through the smaller cylinder and
subtracting from the figure thus obtained the quantity of water that
percolated through the larger cylinders. The quantities of water
that percolated through each cylinder were computed by the formula

_ 2xPiahT

Y= 7.4824

in which Y is the quantity of ground water, in cubic feet, P is the
coefficient of permeability, % is the average hydraulic gradient in
feet per foot, at the distance @ from the pumped well, & is the average
thickness, in feet, of the saturated water-bearing material at the
distance @, and 7' is the period of pumping, in hours.
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The specific yield was determined by this method for several periods
of pumping and by using several cylindrical cross sections, as shown
in the following table:

Specific yield as computed for several conceniric cylindrical sections and for several
periods of pumping

Specific yield during different periods of pumping
Radii of cylinders (feet
4 (feet) 0-6 0-12 0-24 0-36 0-48

hours hours hours hours hours
50and 280 ... 9.8 12.8 16.7 18.7 20.0
60and 320 .. _____.__.... 9.2 11.9 16.0 18.2 19.8
50 and 360. . ——— 9.2 12.0 16.3 18.5 19.9
50and 400. .o ecemcaaaaan 9.1 119 16.3 18.5 19.9
- 9.3 11.8 16.4 18.5 19.9
9.0 11.4 15.9 18.6 20.0
8.7 1L1 15.9 18.8 20.8
8.8 111 15.7 18.4 20.5
__________ 11.2 15.5 18.2 20.3
9.2 1.7 16.1 18.5 20.1

The computed specific yield became larger as the pumping increased,
for the reason that all the water in the material does not drain out
of it immediately. When pumping starts, a comparatively large
volume of material is unwatered, partly because only a small per-
centage of the water contained in the interstices of the sediments
immediately drains down to the water table. As pumping is con-
tinued, more water gradually drains out of the unwatered sediments,
and hence the specific yield computed from the first few hours of
pumping is relatively small. The specific yield computed from the
volume of water-bearing material unwatered in the last few hours
of pumping would be too large because of the addition of water that
percolated down from the material previously unwatered. The aver-
age results for specific yield given in the table, plotted against the
periods of pumping, fall on a smooth curve. By extending this
curve the conclusion is reached that the true specific yield lies between
22 and 23.

The specific yield determined by this test applies only to the upper
few feet of water-bearing material that was unwatered during the
period of pumping. A sample of water-bearing material from the
well drilled at the location of this test was obtained close to the water
table. (See first sample in table on p. 91.) The porosity was found
to be 27.1 and the moisture equivalent 2.6 in the hydrologic laboratory.
Piper’s relation between moisture equivalent and specific retention
gave a specific retention of about 5, from which the specific yield is
computed to be about 22,

PERMEABILITY OF THE WATER-BEARING MATERIALS
METHODS USED TO DETERMINE PERMEABILITY

The permeability of water-bearing materials may be determined
by laboratory tests of samples of the materials, by determinations
of ground-water velocity in the field, and by pumping tests made on
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wells that withdraw water from the materials. All these methods
were used in the Platte Valley.

Hazen* and Slichter* have studied the rate of flow of water through
sands and have developed formulas that essentially include the
determination of the permeabilities of the sands. King * has reviewed
the results of the investigators on the flow of water through porous
media and also has described an apparatus for measuring the flow in
the laboratory.®® In the Geological Survey laboratory the permeabil-
ity of water-bearing materials is now determined by means of an
apparatus devised by Meinzer.®® The coefficient of permeability is
determined directly by measuring the rates of flow of water through a
sample of material with known cross section and thickness under
observed differences of head. Recently a more accurate apparatus,
based on the same principles, has been installed in the laboratory to
measure the rates of flow of water under very small differences of
head.¥

LABORATORY DETERMINATIONS

Loess.—Determinations of the coefficients of permeability were
made in the laboratory on the four samples of loess collected near
Lexington. (See table on p. 90.) The coefficients range from less
than 1 to about 4 and average about 2. These coefficients are very
low and indicate that little water percolates laterally through the
saturated loess at the gradients that exist in the Platte Valley. More-
over, the low permeability of loess accounts for the low yield of wells
from the loess. The specific yield of the loess is almost equal to the
specific yield of the sand and gravel, but because the permeability of
the loess is low, water can flow through it toward wells only very
slowly—usually at a rate so slow that the wells become dry soon
after pumping is begun.

Ogallala formation.—The sample of the Ogallala formation obtained
from the test well west of Kearney had a coefficient of permeability
of 15. The permeability of this material is likewise low, though
greater than that of loess. In some areas, especially in western
Nebraska, abundant supplies of water are obtained from the base of
the Ogallala, and in these areas the coefficient of permeability of
the material is doubtless greater than it is near Kearney.

Pleistocene sand and gravel.—Coefficients of permeability were
determined in the laboratory for 19 samples of material that were

41 Hazen, Allen, Some physical properties of sands and gravels: Massachusetts State Board of Health,
24th Ann. Rept., p. 553, 1892,

43 Slichter, C. 8., Motions of underground waters: Geol. Survey Water-Supply Paper 67, p. 26, 1902.

# King, F. H., Principles and conditions of the movements of ground water: Geol. Survey 19th Ann.
Rept., pt. 2, pp. 178-204, 1899,

4 Idem, p. 228.

4 Stearns, N. D., Laboratory tests on physical properties of water-bearing materials: Geol. Survey Water-
Supply Paper 596, p. 144, 1928.

47 Meinzer, O. E., and Fishel, V. C., Tests of permeability with low hydraulic gradients: Am. Geophys.
Union Trans. 15th Ann, Meeting, pt. 2, p. 405, 1934.
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obtained during the drilling of the well on the farm of Fred Meyer,
east of Grand Island. (See table on p. 91.) One of the samples
consisted of clay and had a coefficient of permeability of 2. The
other 18 samples consisted of mixtures of sand and gravel, and their
coefficients of permeability ranged from 150 to 4,350. The perme-
abilities of these samples can all be classified as medium or high.
The average coefficient of permeability of the water-bearing material
taken from the well, weighted as to the thickness of material repre-
sented by each sample, is about 1,200.

The coeflicients of permeability of 7 samples of water-bearing sand
and gravel penetrated in the test well west of Kearney, as determined
in the laboratory (see table, p. 92), range from 770 to 2,600, and the
weighted average is about 1,434.

The coefficient of permeability of the samples of sand and gravel
from the SW¥ sec. 17, T. 9 N., R. 21 W, south of Lexington, averaged
2,100, and that of the samples collected in the NEY see. 21, T. 8 N.,
R. 16 W., averaged 817. (See table on p. 93.) The samples were
obtained from the upper few feet of water-bearing material and there-
fore do not represent the average permeability of the entire thickness
of the formation.

During the course of the investigation samples of sand and gravel
were taken from a gravel pit south of Cowles (see pl. 3, 4), within the
drainage basin of Elm Creek, a stream that apparently receives under-
flow from the Platte Valley. (For a description of this stream see
p- 165.) The samples were collected from the side of the pit above the
water level—which probably represented the ground-water level—at
vertical intervals of about 6 feet. The material was very hetero-
geneous, and layers of sand and gravel were interspersed with clay
lenses and clay balls. The coefficients of permeability, as determined
in the hydrologic laboratory, ranged from 250 to 8,350, and the
average was 2,650. This figure corresponds well with the permeability
of the sand and gravel in the Platte Valley.

Physical properties of sand and gravel materials from a gravel pit south of Cowles

[Collected by L. K. Wenzel and H. A. Waite; analyzed by V. C. Fishel]

Mechanical analysis (percent by weight)
: Coeffi-
Distance Apparent| p it ient of
above water | Larger _ | Less | specific orosity | clent o
vl || 3| A% [ | 0% | | i | ey |G| meme
mm mm mm mm mm mm fnm

0.1 3.3 64.1 30.5 2.1 1.53 43.3 250

32.8 15.2 2.0 3.3 .5 177 33.3 38,450

32.7 28.1 7.6 .8 .3 1.86 29.1 750

25.1 38.6 10.7 2.4 .9 1L74 33.3 450

26.9 3L.8 5.9 3.6 .4 .79 33.3 8,350

Av. 2,650




GROUND-WATER RESOURCES OF PLATTE RIVER VALLEY Q9

Soil.—The coefficients of permeability of the samples of soil collected
near Lexington ranged from less than 1 to about 3, which corresponds
closely to the permeability of the loess. A sample of alkali soil south
of Lexington had a permeability of less than 1.

GROUND-WATER VELOCITY METHOD

A method of determining permeability by tests made in the field for
the natural velocities of ground water, patterned after the method
of the German hydrologist A. Thiem, was develpped by Slichter.*®
Several small wells are driven into the water-bearing materials in such
a manner that the movement of water is from one well toward one or
more of the other wells. A salt is introduced into the up-gradient
well and is allowed to move down-gradient with the ground water to
the other wells, where its arrival is detected electrically. The rate of
movement of the salt and hence the rate of movement of the ground
water is computed from the elapsed time between the introduction of
the salt in the central well and its detection in a well located down-
gradient. The quantity of water flowing through a given cross-sec-
tional area of the water-bearing material is computed by the formula
Q=pAv, in which @ is the quantity of water, p is the porosity of the
water-bearing material, A is the cross-sectional area, and v is the aver-
age velocity of the ground water.

Slichter did not compute permeability after determining the natural
velocity of the ground water. However, permeability can be com-
puted by equating the formula given above and Darcy’s equation.

The resulting equation for determining the coefficient of permeabilityis

v . . . o e . .
P=%y in which P is the coefficient of permeability, p is the porosity
of the water-bearing material, » is the velocity of the ground water, and
I is the hydraulic gradient.

Tests were made by this method at three localities in the Platte
Valley—2 miles south of Lexington, in the SW¥ SWY sec. 17, T. 9 N.,
R. 21 W.; 2} miles northwest of Lexington, in the NW% NW sec. 36,
T. 10 N, R. 22 W.; and southwest of Kearney, in the NE% NE sec.
21, T. 8 N, R. 16 W.#? The tests were not successful in detecting
normal ground-water velocities in the Platte Valley, apparently
because the velocities are low. The salt solution introduced into the
wells had a higher specific gravity than natural water. Thus it sank
rather rapidly and in time percolated below the down-gradient wells

48 Slichter, C. 8., The motions of underground waters: Geol. Survey Water-Supply Paper 67, pp 46-51,
1902; Description of underflow meter used in measuring the velocity and direction of underground water:
Geol. Survey Water-Supply Paper 110, pp. 17-31, 1905; Field measurements of the rate of movement of
underground waters: Geol. Survey Water-Supply Paper 140, pp. 16-28, 1905. Hamlin, Homer, Underflow
tests in the drainage basin of Los Angeles River: Geol. Survey Water-Supply Paper 112, pp. 11-32, 1905,
Veatch, A. C., Slichter, C. 8., Bowman, Isaiah, Crosby, W. O., and Horton, R. E., Underground water
resources of Long Island, N. Y.: Geol. Survey Prof. Paper 44, pp. 88-99, 1906.

# Wenzel, L. K., Report on field work of 1930 on ground-water investigations in the Platte River Valley
near Lexington, Nebr., Geol. Survey manuscript files, 1931.
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instead of passing almost horizontally between the up-gradient and
down-gradient wells. Slichter found by experiments made in a ver-
tical tank that even when the ground-water velocities were rather high,
the electrolyte sank considerably below the level at which it was
introduced.®

If a coefficient of permeability of 2,100 is used (the average coeffi-
cient of permeability obtained by laboratory tests on samples of the
sand and gravel collected at the location of the velocity test south of
Lexington), the average velocity of the ground water computed by the

PI . . .
formula v=—p— at a porosity of 32 and a hydraulic gradient of 6 feet to
the mile is 0.99 foot a day, or about 361 feet a year.
PUMPING-TEST METHOD

The pumping-test method of determining permeability is simple in
principle. It consists of pumping a well that penetrates water-
bearing material whose permeability is to be determined and observing
the decline of the water table around the pumped well. The method is
based on the consideration that in localities where the normal water
table is horizontal, after approximate equilibrium is established
around a pumped well, equal quantities of water move toward the
well in a given unit of time through a successive series of concentric
cylindrical cross sections around the well. Because the areas of the
large cylinders through which the water percolates are greater than
the areas of the smaller cylinders, the velocity of the ground water
passing through them is proportionally less and the hydraulic gradients
are proportionally smaller.

According to Darcy’s equation, the discharge through any of the
concentric cylindrical sections of water-bearing material, @, is equal

to PIA, and the permeability of the material, P, equals —I_Q;l The

hydraulic gradient at a given distance from the pumped well can be
determined from the slope of the water table or piezometric surface.®
For artesian conditions the area of the cylindrical section through
which the ground water percolates at that distance from the pumped
well is equal to 2zxm, if z is the distance from the pumped well and m
is the thickness of the water-bearing material. For water-table condi-
tions the area is equal to 2rz(m—s), where s is the draw-down at the

% Slichter, C. S., Field measurements of the rate of movement of underground waters: Geol. Survey
‘Water-Supply Paper 140, pp. 41-49, 1905.

51 The upper surface of the zons of saturation in ordinary soil or rock is called the water table. Ifa well
is sunk it remains empty until it enters a saturated permeable bed—that is, until it enters the zone of
saturation. Then water flows into the well. If the rock through which the well passes is all permeable the
first water that is struck will stand in the well at about the level of the top of the zone of saturation—that
is, at about thelevel of the water table. Ifthe rock overlying the bed in which water is struck is impermeable
the water is generally under pressure that will raise it in the well to some point above the level at which it
wasstruck. Insuch aplace thereis no water table, and the imaginary surface to which the water rises under
its full head is called the piezometric surface.
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distance z from the pumped well. Thus the permeability of the
water-bearing formation can be computed by substituting these values

. . _Q
in the equation P= TA

The method was first used by G. Thiem,” son of the German
hydrologist A. Thiem, in 1906 in connection with an investigation to
determine additional water supply for the city of Prague and its
suburbs. A formula was developed for computing permeability by
using the draw-down as measured in two observation wells and the
discharge of the pumped well rather than determining the flow
through concentric cylindrical sections directly by Darcy’s equation.
Thiem’s formula, modified for convenient use in the United States, is

527.7q log %

P= m(s——81)

in which P=the coeflicient of permeability defined on page 88.
g=rate of pumping, in gallons a minute.
a and a;=respective distances of two observation wells from
the pumped well, in feet.

m for artesian conditions==thickness of water-bearing bed, in
feet.

m for water-table conditions==average thickness (at ¢ and a,)
of the saturated part of the water-bearing bed, in feet.

s and s;=draw-downs at the two observation wells, in feet.

Test near Grand Island.—Thiem’s formula is based on several theo-
retical hydrologic and geologic conditions that are rarely found in
nature. Of these, the assumptions that the water table or piezometrie
surface is horizontal and that a condition of equilibrium has been
established around the pumped well are the most widely variant from
the conditions observed in the field. In an endeavor to determine
the applicability of Thiem’s method to field conditions two rather
intensive pumping tests were made on the farm of Fred Meyer, 4
miles east of Grand Island, in the NWY sec. 17, T. 11 N., R. 8 W.%
The pumped wells used in these tests are designated in the table on
page 193 by nos. 38 and 39. About 80 observation wells were sunk on
lines radiating from the pumped wells, at distances as great as 1,200
feet. A test hole and a test well were drilled to determine the thick-
ness of the sand and gravel and to obtain samples of the material for
laboratory determinations of permeability. The well was pumped
continuously for 48 hours, and during that time and for about 24
mHydmlogische Methoden, Leipzig, 1908.

$'Wenzel, L. K., Recent investigations of Thiem’s method for determining permeability cf water-bearing
materials: Am. Geophys. Union Trans. 13th Ann. Meeting, pp. 313-317, 1932; The Thiem method for

determining permeability of water-bearing materials and its application to the determination of specifie
yield: Geol. Survey Water-Supply Paper 679-A, 1936.



102 GEOLOGY AND GROUND WATER, SOUTH-CENTRAL NEBRASKA

hours after pumping was discontinued measurements were made on
the water level in the observation wells. The data collected during
this test were carefully studied, and a method of procedure was deter-
mined whereby the difference between theoretical and observed con-
ditions could be minimized.

It was found that satisfactory results could be obtained only by
substituting in Thiem’s formula the draw-down of the water table in
that part of the cone of depression where approximate equilibrium
had been established. The water table after 48 hours of pumping
had not reached equilibrium, but for distances out to 200 feet from
the pumped well an approximate equilibrium had been established.
Thus the difference in draw-down s—s; as substituted in Thiem’s for-
mula did not change appreciably after 12 to 24 hours of pumping,
although the absolute draw-down of the water table increased.

For distances less than 50 feet from the pumped well the draw-down
of the water table was found to be affected by changes in the perme-
ability of the material resulting from the development of the well and
by the failure of the well to penetrate the entire thickness of the water-
bearing material.

Coefficients of permeability as computed in 48-hour pumping test near Grand Island

[Pumping rate 540 gallons a minute)

Distanog frozﬁl Distanog frml]l:t
pumped wel . ; . pumped we : . .
(feet) ’E%llv(;};g;s‘s ]?;ﬁg{:xvzlc_e Coefficient (feet) 'I;Ifl;(é};?eers_s D]_J;ﬁgrr:lgﬁe C?etﬁcxent
poearing | down | OBy | ——— | bearing | “down | °ufig”
N ed (feet eet, ; ed (fee ee
Pea Ner || e | P IERR RG] e e
(m) (a) (a1) (@)
60 40 96. 94 0.53 976 160 80 98.03 .88 994
80 40 97.14 .91 970 180 80 08. 10 1.02 1,002
100 40 97.28 1.19 980 200 98. 16 1.15 1,005
120 40 97.40 1.44 969 120 100 98. 00 25 919
140 40 97. 50 1.63 975 140 100 98. 09 44 964
160 40 97. 58 179 982 160 100 08.17 60 987
180 40 97. 65 1.93 987 180 100 98. 24 74 1,000
200 40 97.71 2.07 985 200 100 98.30 87 1,003
80 60 97. 40 38 962 140 120 08.22 19 1,023
100 60 97. 54 66 983 160 120 98. 30 35 1,035
120 60 97.67 91 965 180 120 98. 37 49 1, 040
140 60 97.76 110 975 200 120 08. 43 62 1,043
160 60 97.84 1.26 985 160 140 08. 39 16 1,050
180 60 97.01 1.40 992 180 140 08. 46 30 1,071
200 60 97.98 1.53 994 200 140 08. 52 43 1,043
100 80 97.73 28 1, 010 180 160 98, 54 14 1,053
120 80 97.85 53 67 200 160 98. 60 27 , 038
140 80 97.95 72 982 200 180 98. 68 13 1,000

The draw-down of the water table at equal distances in different
directions from the pumped well was found to be unequal, probably
because the normal water table had an original slope. Thus coeffi-
cients of permeability that varied widely were computed by substi-
tuting these draw-downs in Thiem’s formula. However, this condi-
tion was minimized by averaging the draw-down of the water table
at equal distances and in opposite directions from the pumped well.
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The coefficients of permeability computed by using only the draw-
down of the water table where the cone of depression had reached
approximate equilibrium and by averaging the draw-downs at equal
distances from the pumped well are given in the table on page 102.
The average coefficient of permeability is about 997, and the maxi-
mum deviation from the average is 7.8 percent. It should be noted
that the most irregular results accompany small differences in the
draw-down of the water table. Such results are to be expected,
because small errors in the measurements cause large differences in the
computed permeability. Moreover, the part of the cone farthest from
the pumped well had not approached complete equilibrium as nearly
as the part of the cone nearer the well.

The average coeflicient of permeability, as determined in the
hydrologic laboratory, of 19 samples of the water-bearing material
obtained during the drilling of a well at the location of this test is
1,200, and the average determined by the test is 997. Because the
samples were unconsolidated and the material was rearranged before
the laboratory tests were made, it seems probable that the coefficient
of permeability determined by the Thiem test is the more accurate.

Tést near Kearney~—Two other pumping tests were made in the
Platte Valley to determine the permeability of the sand and gravel
in the vicinity of Kearney and Gothenburg. One test was made
about 8 miles east of Kearney, in the NW% sec. 27, T.9 N., R. 14 W,
The well pumped for this test is designated in the table on page 217
by no. 576. Only 10 observation wells were used in this test, and
they were located on a line that was approximately parallel to the
maximum slope of the water table. Five wells were driven on each
side of the pumped well at distances of 50, 100, 150, 200, and 250
feet, in accordance with the results of the more elaborate test made
near Grand Island. A test hole was drilled near the existing irriga-
tion well, and the saturated thickness of the sand and gravel above
the Ogallala formation was found to be about 48 feet. The pumped
well was operated continuously at a rate of about 1,100 gallons a
minute for 24 hours, and measurements of water level were made in
the observation wells about once an hour. From these data coeffi-
cients of permeability were computed by Thiem’s formula for all
possible combinations of observed draw-downs. The average co-
efficient was 4,140, and the maximum deviation from the average
only 3.6 percent. The high permeability determined was expected,
in view of the relatively high yields of the irrigation wells in this
locality.
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Coeflicients of permeability as computed in 24-hour pumping test near Kearney

{Pumping rate 1,100 gallons a minute]

Distance from Distance from
pumped well pumped well
(feet) Thickness | Difference| Coeffi- (feet) Thickness | Difference| Coeffi-
of water- | in draw- | cient of of water- | in draw- | cient of
DI bec oty | (oot | el || D bed tioet) | ooty | Tomite
S- ed (feet eet ility is~ ed (feet, eel ility
tant | Near | )™ ey | (B) || tamt | N Tmy | G-sm) | (P)
well we, well we
@ | @ @ | @
100 50 4.6 0.975 4,030 200 100 45.5 . 905 4,240
150 50 44.8 1.£0 4,130 250 100 45.7 1.21 4,180
200 &l 45.0 1.88 4,150 200 150 45.8 .38 4, 160
250 50 45.2 2. 185 4,110 250 1£0 48,9 . 685 4,100
150 100 4£.3 .525 4,290 250 200 46.1 .305 4,010

Test near Gothenburg.—The other pumping test to determine per-
meability was made about 2 miles east of Gothenburg, in the SWY
NWY sec. 19, T. 11 N,, R. 24 W. The irrigation well used for the
test is no. 978 in the table on page 236. Ten observation wells were
again located on a straight line through the pumped well, in a direc-
tion that approximated the maximum slope of the water table. Five
of the wells were driven on each side of the pumped well at distances
of 50, 100, 150, 190, and 250 feet. A test hole was drilled near the
pumped well, and the saturated thickness of sand and gravel was
found to be only 17 feet. In this locality, however, the zone of
saturation extended up into the loess for about 5 feet. The pumped
well was operated continuously at a rate of about 532 gallons a minute
for 24 hours, and measurements were made in the observation wells
about once an hour. From these data coefficients of permeability
were computed by Thiem’s formula for all combinations of observed
draw-downs. The average coeflicient of permeability was 3,842, and
the maximum deviation from the average only 2.4 percent.

Coeffcients of permeability as computed in 24-hour pumping test near Gothenburg

[Pumping rate 532 gallons a minute]

Distance from Distance from
pumped well pumped well
feet) Thickness | Difference| Coeffi- (feet) Thickness | Difference| Coeffi-
of water- | in draw- | cient of of water- | in draw- | cient of
bearing down permea- bearing down permea-
Dis- Near bed (feet) (feet) bility Dis- Near bed (feet) (feet) bility
tant well (m) (8—s1) (P) tant well (m) (8—s1) P
well well
{a1) (@ (a1) (a)
100 50 17 1.28 3,880 190 100 17 1.19 3,870
150 50 17 2.02 3,890 250 00 17 1.71 3,840
190 50 17 2.47 3, 870 190 150 17 .45 3,750
250 50 17 2.99 3, 860 250 150 17 97 3,800
150 100 17 0.74 3,920 250 190 17 .52 3,7i0

Thiem’s formula for artesian conditions was used in computing the
results of this test—that is, the thickness of the saturated water-
bearing material was taken as 17 feet, although the zone of saturation
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included a part of the overlying loess. The ground water in the area
was not confined under pressure, hence artesian conditions did not
exist. However, the permeability of the sand and gravel is so much
greater than the permeability of the loess—in about the ratio of 3,840
to 2—that comparatively little water moved through the loess to the
well. Thus it was possible—and in all such cireumstances it is neces-
sary—to use the artesian formula for computing permeability.

Summary.—The pumping-test method probably gives a more accu-
rate result for the average permeability of the formation than can be
obtained by miscellaneous determinations of permeability of samples
of the material in the laboratory. The three pumping tests in the
Platte Valley indicate that the coefficient of permeability of the sand
and gravel near Gothenburg is about 3,850, near Kearney about 4,150,
and near Grand Island about 1,000.

GROUND-WATER LEVELS

METHOD OF INVESTIGATION

Periodic measurements of the depth to the water table were made in
about 100 wells in the segment of the Platte Valley between Gothen-
burg and Grand Island. The wells were selected so that fluctuations
of the water table could be observed in all parts of the area. During
the early part of the investigation measurements were made on only
60 wells, but other wells were added later as it became desirable to
study the fluctuation of the water table in more detail. Periodic
measurements were also made on the altitude of the water surface in
canals, ereeks, and rivers in localities where their flow might influence
the water levels in observation wells.

As a result of increased interest in ground-water levels a State-wide
program of water-level measurements was begun in 1934, and about
60 of the wells in the Platte Valley on which measurements were
begun in 1930 and 1931 were included in this program. The measure-
ments of water levels in wells in the Platte Valley and in wells located
throughout the State are given to January 1, 1937, in a recent pub-
lication.®® The following table gives the numbers assigned to the
Platte Valley observation wells in the State-wide program and the
corresponding numbers that are used in this report. In Water-
Supply Paper 817 the State-wide program numbers are used. The
location and description of each well appears in the table of well
records at the end of this report.

8 Wenzel, L. K., A State-wide program of periodic measurements of ground-water level in Nebraska:
Am. Geophys. Union Trans. 16th Ann. Mesting, vol. 2, pp. 495-498, 1935, Waite, H. A., Ground-water
level survey in Nebraska: Nebraska Geol. Survey Paper 7, 14 pp., 1935.

8 Water levels and artesian pressure in observation wells in the United States in 1936: Geol. Survey Water-
Supply Paper 817, pp. 89-167, 1937.

121343—38——8
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Observation well numbers used in this report and corresponding numbers used in
State-wide observation well program

Well Well
s Well no. in State-wide program nto)ién Well no. in State-wide program
report report

865
856
867
868

Kearney County
632 Bui%\lo County.

- 274 901 do
278 907 | Gosper COUNtY - - occoccomaiccaaooe 317
Dav:'lson County..

The depth to the water table in the observation wells was measured
with a steel tape to the nearest hundredth of a foot. The tape was
coated with blue or white carpenter’s chalk before it was lowered into
the water so that a definite water mark could be obtained. A lead
or brass swiveled weight was attached to the tape to prevent it from
becoming slack. It was thus not difficult to ascertain if the loaded
tape was obstructed by irregularities of the casing or was coiling up
on the bottom of the well.

All measurements were made from definitely established reference
points. On most wells the top of the pipe or casing was used, but on
some a permanent point on the pump base or wood curb was selected.
Each reference point was plainly marked with keel, and the number
of the well was posted in a conspicuous place near the well. A des-
cription of the reference point, its distance above or below the general
land surface, and the location of the well in reference to cultural and
topographic features were recorded. Benchmarks were set in nearby
permanent objects, and the differences in altitude between these bench-
marks and the measuring points on the wells were determined by
instrumental leveling. Thus the present water levels can be compared
with future water levels, even though the present wells are destroyed,
by constructing new wells on the same sites and determining the
altitudes of the new measuring points from the benchmarks,
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The water-table meas-
urements weremade weekly
on some wells and monthly
on others. Two automatic
water-stage recorders were
maintained on wells in the
area for a part of the period
of the investigation, thus
affording an opportunity
to study the daily fluctua-
tions of the water table.

The measurements were
plotted as hydrographs
showing the fluctuation of
the water table, and many
of the hydrographs are here
reproduced (pls. 11,12, and
13 and fig. 8). The meas-
urements of the depth to
the water table were used
also to obtain an average
figure for the fluctuation
of the water table in the
valley.

The observation wells
were segregated according
to their location, and the
average fluctuation com-
puted for each area. Thus
a more representative re-
sult was obtained than if
the arithmetic average of
all the water levels in the
wells had been used. The
average fluctuation of the
water table in each area
was compared with the av-
erage fluctuation of the
water table in other areas,
the precipitation at near-
by stations of the United
States Weather Bureau,
and the flow of the Platte
River. This comparison

\ )

1934

_.\
F—
| -
S—
Precipitation at Kearney

Well 772~~~ 1

el [767
Well|770]
Well|773
Well |776
Well|777
Well{779

ell| 780

——1 1

f

1932

193]

1933 i
Oct |Nov. DeclJan.| FebMarlApr/MayJunelJuly/Aug Sep Oct]Nov]DeclJan.[Feb]Mar. [Apr May [June[uly AuglSeptiOct [Nov.[DeclJan. [Feb[Mar.|Apr: MaylJunelJuly [Aug [SeptOct JNov. | Dec]

Jdoe T Jwo T W Ohg
mg:mwe\nm-: Eulmov\é“ s:go ~ WINT I N-O
(274 2244 82/
1334 NI INIOd ONIYNSYIAN SIHONI NI
MOT38 1BAFT Y3LvM OL Hid3d  NOILVYLIdIO3Nd

F16URE 8.—~Hydrographs showing fluctuation of the water levels in wells in the Platte Valley about 5 miles from Kearney.
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served as a basis for determining the present status of the depth of
the water table in the valley with reference to predictions of its
future depth.

DIVISION OF THE PLATTE VALLEY INTO GROUND-WATER AREAS

For the purpose of studying the fluctuation of the ground-water
levels in detail, the Platte Valley between Chapman and Gothenburg
was divided somewhat arbitrarily into four areas—the pumping
area, the surface-water irrigation area, the east shallow-water area,
and the west shallow-water area. The pumping area includes the
part of the valley between Kearney and Chapman, where the water
table is more than 10 feet below the land surface; the surface-water
irrigation area includes the part of the valley between Gothenburg
and Kearney, where the water table is more than 10 feet below the
land surface; and the shallow-water areas include the parts of the
valley where the water table is less than 10 feet below the ground
surface—the east area extending from Chapman to Kearney and the
west area extending from Kearney to Gothenburg.

The boundaries between the shallow-water areas and the other
areas are represented by the contour lines showing 10-foot depth
to water. The lines are very irregular, and hence the areas themselves
are irregular. In some places in the valley there are isolated areas at
considerable distances from the Platte River where the depth to water
table is less than 10 feet below the surface, and these areas have been
included in the shallow-water areas. Conversely, there are places.
close to the Platte River where the depth to the water table is more
than 10 feet, and these areas have been included in either the pumping
area or the area of surface-water irrigation. Thus part of the east.
shallow-water area lies within the pumping area north of Grand
Island, and part of the west shallow-water area lies within the surface--
water irrigation area north of Lexington. North of Overton a part.
of the surface-water irrigation area is entirely surrounded by the west.
shallow-water area. The shallow-water areas mainly include and
border the Platte River. On the south side of the river their areal
extent is very slight, but on the north side they extend several miles
north of the stream.

The Platte River Valley between Gothenburg and Chapman covers.
about 800,000 acres, or 1,250 square miles, of which the pumping
area covers 240,000 acres, the east shallow-water irrigation area 201,600
acres, the west shallow-water area 185,600 acres, and the surface-
water irrigation area 172,800 acres.

FLUCTUATIONS OF THE WATER TABLE
GENERAL CONDITIONS

The water table of the ground-water reservoir in the Platte Valley
fluctuates much like the water surface of any surface reservoir. The:
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water table rises when the inflow exceeds the draft and falls when the
draft exceeds the inflow. The water table, however, fluctuates
more with addition or depletion of a given quantity of water than the
water in a surface reservoir, because only a part of the material that
contains ground water is porous. The Pleistocene sand and gravel
have a specific yield of about 24, and the loess has a specific yield
of about 20. Thus the addition of 1 foot of water to the sand and
gravel will raise the water table in that material about 4 feet, and the
addition of 1 foot of water to the loess will raise the water table in
that material about 5 feet. Changes of the water levels in wells
record the fluctuation of the water table and hence the recharge and
discharge of the ground-water reservoir, somewhat as the fluctuation
of the water level in a surface reservoir indicates the changes in
storage. Therefore the safe yield of the ground-water reservoir
can to some extent be estimated by observing the fluctuation of the
water levels in wells. Measurements of depth to water in irrigation
wells made soon after they have been pumped may not indicate the
regional ground-water level, because the water table may not have
fully recovered from the local disturbance caused by the pumping.
However, measurements made after the water table has recovered
indicate the actual regional water level. The rate of fluctuation of
the water table depends upon the rate at which the ground-water
reservoir is replenished or depleted.

The principal factors controlling the rise of the water table (ground-
water recharge)in the Platte Valley are the amount of rainfall pene-
tration, the amount of seepage from the Platte and other streams in
the valley, and the amount of water added to the valley by underflow.
The principal factors controlling the decline of the water table (ground-
water discharge) are the amount of water lost from the valley by
underflow, the amount of water pumped from wells, the amount of
water transpired directly from the water table, and the amount of
water lost from the ground-water reservoir by evaporation. If the
quantity of ground water withdrawn from the valley during a certain
year is greater than the recharge the water table will suffer a net de-
cline. During a period of dry years the water table may register
successive declines, but during a subsequent period of wet years the
water table may return to its previous maximum level. Therefore,
decline of the water table during a dry year does not necessarily mean
an excessive withdrawal of water from the ground-water reservoir.
Ground-water reservoirs usually contain large quantities of water in
storage and hence they constitute important sources of water in
dry years. During dry years the amount of water supplied to the
ground-water reservoir by rainfall penetration and the discharge
of streams is decreased, and the amount of water withdrawn through
greater evaporation, larger demands by the vegetation, and heavier
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pumpage for irrigation is increased. During wet years, on the other
hand, the amount of water supplied by rainfall and the discharge of
the streams is increased, while the water withdrawn by evaporation,
pumping, and transpiration is decreased.

In general, wells in the shallow-water areas, where the water table
is less than 10 feet below the land surface, show greater fluctuations,
both in magnitude and in rate, than wells in the areas where the depth
to the water table is more than 10 feet. Most wells in the surface-
water irrigation area show greater fluctuations than the wells in the
pumping area.

The water table in the Platte Valley usually reaches its highest stage
in the spring and its lowest stage in the fall. During some years an
additional peak occurs about December and another low point is
reached about February or March. If there is alternate freezing and
thawing throughout the winter recharge may occur intermittently, and
the water may rise more or less continuously until June. On the
other hand, if the winter is severe and the ground frozen for several
months, although recharge may occur from the later part of September
until the ground freezes, the water table may then decline until the
ground thaws out in the spring, when the zone of saturation may
receive recharge from the melting snow and spring rains. Under such
conditions there may be two high and two low stages of the water
table during the year.

The fluctuations of the water level in about 80 observation wells in
the valley are plotted in plates 11, 12, and 13 and figure 8. The fall
low-water levels and the spring high-water levels are apparent for
most of the wells. Several of the wells near Lexington show two low
and two bigh stages during 1931-32. The first low stage was reached
about October 1. This was followed by a high stage about March 1,
another low stage about May 24, and a final high stage about June 7
to 21. During 1932-33 there was only one low stage, which occurred
about April 18, followed by one high stage, about May 16.

The annual bigh-water levels in the wells in the pumping area
usually occur later than those in the wells in the shallow-water areas.
In 1931 the high-water level in the pumping area was reached in most
wells about May 19, and in most wells in the west shallow-water area
about April 1. In 1932 the high-water level occurred in most wells
in the pumping area about July 1 and in the west shallow-water area
about June 1. In 1933 the high-water level in wells in the pumping
area occurred about June 1 and in the west shallow-water area about
May 1. (See pls. 11, 12, and 13.)

FLUCTUATIONS CAUSED BY PUMPING

When wells are pumped the water table declines around each of
the pumped wells and takes a form similar to an inverted cone. When
pumping stops this cone of depression gradually fills up with water
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withdrawn from the area beyond the limits of the cone, and the
regional water table in the vicinity of the pumped well declines slightly
until it is once more practically smooth. Most wells are pumped
intermittently, and while a cone is being formed in one part of the
area another cone is being filled up in some other part of the area.
After the end of the pumping season the regional water level of the
ground-water reservoir gradually assumes a form similar to the form
it had before the pumping season began, but the regional level of the
water table is lower than it would be if there had been no pumping.

The pumping season in the Platte Valley usually extends from June
through September, but its length varies from year to year, depending
upon the distribution of the precipitation. The fluctuations of the
water levels in 13 wells in the pumping area are plotted in plate 12,
and the length of the pumping season is apparent from the compara-
tively rapid decline of the water levels in the summer. Some of the
wells were pumped during the period of measurement, and these
periods of pumping are indicated on the graphs by broken lines. The
water table around some of the wells was drawn down below the regional
water level, and after the pumping season a short period of recovery
occurred. This is illustrated by the hydrographs of well 235 in 1931,
well 246 in 1932, and well 410 in 1932.

The low water levels are usually reached at the end of the pumping
season, and as that time varies for almost every well the low water
levels occur on dates ranging from August to October. The regional
water level is lower after the end of the pumping season than before
pumping starts.

The fluctuations of the water table caused by local pumping were
observed during the pumping test made in connection with the de-
termination of the permeability and specific yield of the water-bearing
materials near Grand Island (pp. 101-103). Profiles of the water table
were drawn showing the water level in the vicinity of the pumped well
before pumping started, after 12 hours of pumping, after 48 hours of
pumping, and 24 hours after pumping stopped (fig. 9). The section
was taken almost parallel to the maximum slope of the water table.
The profiles show that close to the pumped well the water table de-
clined more during the first 12 hours of pumping than during the next
36 hours. Farther from the pumped well the reverse is true. After
12 hours of pumping a ground-water divide was formed about 440 feet
down-gradient from the pumped well. After 36 hours of additional
pumping the divide had shifted down-gradient to about 600 feet from
the pumped well. This was caused by the removal of water from
storage and the consequent decline of the water table down-gradient
from the divide. The profile of the water table 24 hours after pumping
had stopped shows a rapid recovery near the pumped well and a
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